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nay name appears on the title-page of thib rolume, It is 
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repeating what has been stated in former chapters where it 
has been thought to prove useful. I have no doubt that 
the same high character will justly apply to this as to Mr. 
Oooke's former publications, and especially to his " Handbook 
of British Fungi" 

M. J. BERKELEY, 

SlBBEBTOFT, 

Nwaato 23, 187*. 



CONTENTS. 



PADS. 
OP PtTNGI ..**...... 1 



H, 

* . 17 

III 

, . . 64 



82 



NOTABLE PHENOMENA. ,.,.*... 105 

VI, 



Till CONTENTS, 

TIL 



GERMINATION AND GROWTH 



VIII. 
SBXTTAL JtoBODtrorioN ........ * . 163 

IX, 
POLYMORPHISM . . . . . ...... 182 

X. 
INFLUENCES AND EFFECTS * .... . * . 209 

XL 
HABITATS . .**.. 233 



XII* 



XIII. 
GEOGEAPHICAL PISTEIBUTION . 



COLLECTION AKD PaKsanvATios ,,.*,, 287 



LIST OF ILLUSTRATIONS. 



1. Agaric !a process of growth ..... , 18 

2. Section of common mushroom * . . #10 
8. Sterile cells, Mtlia, and cystirHa, from Qmnphbliut , 22 
4* Poli/porus yiyuntem (reduced) . 28 
& Hydnim repandum (ectio) ....., 24 
6* Calocera viscosa ....,.,.,, S6 
7. Fremella mesentcrica ...,. B ,. 2fi 
8* Baeidift and spore* of Phottu* ..,,,.. 28 
0, Biiidlft and Bpowa of Lycoperdon ,,..,.. 80 

10. !Tlirada of Wcto ..... , . $t 

11. Areyrta, incarnate, with threads and ipo . $3 

12. IHachcsa elegant ****. Si 
IS* Oyatfius vernicotus ...... **,! 

14, CyaiAu*, sporangia &nd pore* .,.,,,.. SC 



X. Barwa oyiti and pseudopom of j&wjrtAea ... 37 

17* Qolcotporwm Fuitityinu ..*.. * . f7 
18, ^tfiwn^^a i^icw^, pgeadoflporei of ..... . 8T 



0, JC0KxloM(9 car^onanw, pteadotpote 
21. PAra#m<<#^fo 



LIST OF ILLUSTRATIONS. 



23. Jftectfjp&ora hyalina,, pseudospores ....... 41 

24. Jflcidium Bevbendis, peridia of ....... 4j 

25. ffelminthosporium molle, threads and spores ..... 43 

26. Acrcthedum simplex ...... ... 44 

27. Pcronospora, Arenarice ......... 44 

28. Polyactis cinerca .......... ^ 

29 . Pezlza Fackeliana,, with ascus and sporidia . . , , .48 
30. Penicillium ckartarum ......... 50 

81. Mucor viucctfOf witli sporangia ..,. d 
32. Small poition of Botrytfo Jonesii * . . , . , . .53 
S3. Section of cup of Ascobolus , . ..... ,57 

34. A&ci, si>orit,lia ? and parapliyses of Ascobolm . .... 50 

35. Peritheuium of Sphcena . . . , , 4 t , CI 

36. Uncinula adunca, eoncoptaclo with appondagca #3 

37. Ag&ricus niidu ...... *,.<!(> 

38. SQlerodermt} vulgare . , ...... ^9 

30, Ceuthospom pJutcidioirfea .*....., 70 

40. RhQpalQmyMS candidus , ...... 74 

41. Afucor caninuB . ....... , ,75 

42. Sph&ria, aqidla, cluster of peiithoeia ...... 78 

43. Mwchella gfyaspora, from Kashmir ...... DO 

44. Cyttarta Ounnii . . . , . , , . , .301 
40. Sporos of Agarics ..**,.. t ,. 121 

46. Spores of Lactarius ...... , ^ ,3*21 

46*. Spores of Oomphidius ....... t ,122 

47. Sporcfl of Polyporus, Boletus, and ffydnum, ..... 12U 

48. Diaditea elcgaw, capillitium of ..... , ,1*21? 

49. Spore of ITwidersonia potycystfa . , * f w . * Iii4 

50. Spores of Dilophospora yram,ini$ , . t , , 124 
5L Spores of Discosia. ....... , 124 

^2. Spora of PvMtkcmnm fatulinum * . * , # * ,124 

68* Spore of Stcyonoqporium tdlulmm * , . * , ,125 



LIST OF ILLUSTRATIONS. XI 

FIQ FAHP, 

54, Stylospores of Cofynwm disci forme . . . * 123 

55, Spores of Astefoeporiffm If^ffmaniti . . * . * * 125 
50. Spores of Pestafama ... ..... .12*1 

57. Dfopora moniliutrfcs, concatenate s.por(i-> ,.... 120 

58. Pfaeudo&pores of T/terajiAom litfnlma , , . . ,2*27 
59 Pseudosporcs of PMC in fa* . * ..... . 1*J7 * 

00. Pbeudospores of Trijihrafjmimti . , . . . , Itir 

61. r.seutlo.spoies of Pltrayin'Hlium Mlw,wia, . . , . > Ili7 

62. "Winter spores of Melawpsofa salieina . . , * . 1 i-7 

63. Spores o Hdicocorym ........ . l'*if 

64. Sporiclium of Gcnca vcrrneom . . . , . . . Ki^ 

65. Alveolate sporidium of Titfar ....... . 1t f * 

60. AHCI, NpoiMia, an<l paia-^hj^cs of Aartiktftts , . 331 

67, Sporiduim of Ofifrdrftition Awifftrnninn, . * . . . . 3&2 

68, ASOUM nnd .sponMia of Ilypwrrtt * * , . . > IlJ't 
6D. SporiTlium of *S^)/(fcr/tt tf/rtrt/^m *.,,., ]!iii 

70. HporuUftof Valm ymfuw * . . , , , * I3tt 

71. Bpondin of Afaxftftrifi ffrtftnw * ,,.., I.'H 

72. Sporldium of Afdnnctwfa />A*w/// . . * , , KM 
75, Caudate H^oi'Mia of fyhtrfmjintrstitrt .,, JIM 

74. Spotidiaof Valwitltihlwlti ........ 104 

75. Spoiidia of Vvdm talcola . ....... 13f< 

7C, 8pt>ritlnt of fywrormfa fntcrmrtliti * ..... * 1315 

77* ASCI find Hporidb of fyJitrrw (/*fanijMM) hrrhttrmA, . * * IB/J 

78. Kporidium of fyfarrin ^tttamunuti * * * * * . ItJA 

70* BaHidift ami Hjwivtt of JRjiitlM qticvlnsst , * * * , 13U 
80, (formulating npnro mid (virjiumilfiuf Jfacrymgee* * * ,140 

81* (taruttuatiou of dSt'tttiitut, KitfthnMe , - , . < 148 



* 144 

84* Oi'rminaliug iNHtiutioK|jurc of 



LIST OP ILLUSTRATIONS. 



86. Germinating pseudospore of Triphragmium Ulmance . * 

87* Qenninating pseudospore of Phraymidium bullosum. . 

147 

88. Germinating pseudospores of Podisoma Junipct i . 

89. Germinating pseudospore of Tilletia caries 

90. Pseudospore of Ustilago ? eccptacuhrim in germination, and secondary 

spores in conjugation 

91. Oonidia and zoospores of Cystopus candidus 

151 

92. Besting spore of Cystopus candidus with zoospoies .... 

93. Zygospores of Mucw phycomyces 

158 

94. Sporldium of A&cobolw germinating 

161 

95. Zygospore of Mucor 

105 

96. Zygospore of Rhizopus in different stages 

97. Conjugation in Aclihjo, raccmosa ....... 

109 

98. Conjugation In Pcronospora 

99. Antlieridia and oogonium in Peroiuwpora H 

100. Conjugation in Pcziza ompJuttodt's 

l/o 
100*. Formation of conceptaclo in Erysipfie ...... 

176 

101. Tilktia caries with conjugating cells ... 

102. AspergUlus glaucitii tmd. urothttn>^ 

103. Erysipfte cicharaccanwi, receptacle and mycelium . ^ 
104* Twig with Tubercular la and Ncctria, ..*.... 

3 OS. Section of Tubercularta, with conldia 

106. Ncctria with Pabwc'iilaria, aseus and paraphyuotj .... 

195 

107. Colls and pseudobporea of slkidwm Kcrlci'Mii* , . 

108. Cells and pseudoflporeB of jfflcidiim gmvcohns . * 

on pupaof * 



FUN 

THEIR NATURE, USES, INFLUENCES, ETC 



I. 

NATTOE OF FUNGI. 

THE most onsunl observer of Nature recognises in almost every 
instance that comes under MM notice in every-day life, without 
fche aid of logical definition* the broad distinctions between an 
animal, a plant, and a stone. To him, tho old definition that an 
animal is possessed of life and locomotion, a plant of life with- 
out locomotion, and a mineral deficient in both, seems to bo 
sufficient, until Homo day ho travels boyond the circuit of 
diurnal routine, and encounters a sponge or a zoophyte, which 
possesses only one of his supposed attributes of animal life, bat 
which he is assured IB nevertheless a member of the animal 
kingdom* Such an encounter usually perplexes the neophyte 
at first, bufc mther than confess his generalizations to have 
been too gro^s, he will tenaciously contend that the sponge 
muBt be a plant, until the evidence produced is so strong that 
ho is compelled to desert his poHition, and seek refuge in the 
declaration that one kingdom runa into the other so imper- 
ceptibly that no line of demarcation can be drawn between 
thorn. Between those two extremes of broad distinction, and 
no distinction, lien the ground occupied by the scientific student, 
whOf -whilst admitting that logical definition failB in assigning 
briefly and torwely tho bounds of the three kingdoms, contends 

B 



2 FUNGI. 

that such limits exist so positively, that the universal scientific 
mind accepts the recognized limit "without controversy or con- 
tradiction. 

In like manner, if one kingdom be made the subject of in- 
quiry, the same difficulties will arise. A flowering plant, as 
represented by a rose or a lily, will be recognized as distinct 
from a fern, a seaweed, or a fungus. Yet there are some flower- 
ing plants which, at first sight, and without examination, simu- 
late cryptogams, as, for example, many Balanophora, winch 
the unscientific would at once class with fungi. It is never- 
theless truo that even the incipient botanist will accurately 
separate the phanerogams from the cryptogams, and by means 
of a Httlo more, but still elementary knowledge, distribute the 
latter amongst ferns, mosson, fungi, lichens, and algco, with 
comparatively few exceptions. It is true that between fungi 
and lichens there exists so close an affinity that difficulties arise, 
and doubts, and disputations, regarding certain small groups or 
a few Hpeeies ; but these are the exception, and not the rule. 
Botanists generally are agreed in recognising tho five principal 
groups of Cryptognmia, as natural and distinct. In proportion 
as wo tulvaneo from comparison of members of tho three king- 
doms, through that of tho primary groups in otic kingdom, to 
a comparison of tribes, alliances, and orders, we shall require 
closer observation, and more and more education of tho eye to 
seo, and the mind to appreciate, relationships awl dintmetions* 

Wo hava already assumed that ftmgi are duly and universally 
aclmifctecl, as plants, into tho vegetable kingdom* Bat of this 
fact Bomo have oven ventured to doubt. This doubt, however, 
ImB bean confined to one order of fungi, except, perhaps, 
amongpt tho mont illiterate, although now the animal nature of 
tho MffJMffantre* has scarcely a serious ndvoaato left. In this 
order tho early condition of the plant h prclpy and gelatinous, 
and consists* of a substance more allied to mireoda than, cellulone. 
De Bary insinuated affinities with Amaibfy* whiH Tulanne 

* Da Bary, " Dei Myxontyodte*' 1 In Ann. <!cs Sci. Hat," 4 rir, xl p. U3 ; 
**Bot Zeit 1 '- rrl, p. 857. Da Jtaxy'a view* arc controverted by M. Wigand la 
* Ana, de fitei Kftt.* 1 i *fa. (Boi'i *vl T>. 255. &o, 
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affirmed tliat the outer ooat in some of these productions con- 
tained so much carbonate of lime that strong effervescence took 
place on the application of sulphuric acid. Dr. Henry Carter 
is well known as an old and experienced worker amongst 
amoeboid forms of animal life, and, when in Bombay, he devoted 
himself to the examination of the Myxogastres in their early 
stage, and the result of his examinations has been a firm 
conviction that there is no relationship whatever between the 
My$oyast<rcs and the lower forms of animal life. Be Bary has 
himself very much modified, if not wholly abandoned, the views 
once propounded by him. on this subject. When mature, and 
the dusty spores, mixed with threads, sometimes spiral, are 
produced, the My$ogastres are so evidently close allies of the 
Lycopwdons, or PufTballs, as to leave no doubt of their afBnities* 
It is scarcely necessary to remark that the presence of zoospores 
is no proof of animal nature, for not only do they occur in the 
white rust (Cystopus), and in such moulds as Perono#pora f * but 
arc common in alga), the vegetable nature of which has never 
been disputed. 

There is another equally important, but more complicated 
subject to which we must allude in this connection. This is 
the probability of minute fuugi boing developed without the 
intervention of gei'ms, from certain solutions. The observations 
of M. Tr6cul, in a paper laid before tha French Academy, havo 
thus been summarized: 1. Yeast cells may bo formed in the 
must of beer without spores being previously sown, 2, Cells of 
the smo form as those of yeant, but with different contents* 
arise spontaneously in simple solution of sugar, or to which a 
little tartrato of ammonia Las boon added, and these cells arc 
capable of producing fermentation in certain liquids tinder 
favourable conditions. 3* The colls thus formed produce Peni* 
cillimn liko tho colls of yeast. 4. On tho other hand, tho spores 
of Penfcillium are capable of being transformed into yean^t 
Tho interpretation of this is, that the mould PeftMllium may be 

* J)a Bary, " Recherchee stir Ie Doveloppement de quelques Champignon* 
Partitas," in ''Ann. dea Sci. Nat." 4 & (Bot,) *x j>, 5, 
t "Popular Soieace Review," toL viii p 96, 
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4 PUNCH . 

produced from a sugar solution by " spontaneous generation," 
and without spore or germ of any kind. The theory is, that a 
molecular mass which is developed in certain solutions or infu- 
sions, may, under the influence of different circumstances, pro- 
duce either animalcules or fungi. " In all these cases, no kind 
of animalcule or fungus is ever seen to originate from pre- 
existing cells or larger bodies, but always from molecules."'* 
The molecules are said to form small masses, which soon melt 
together to constitute a globular body, from which a process 
juts out on one side. These are the so-called TorulcB, t which 
give off buds which are soon transformed into jointed tubes 
of various diameters, terminating in rows of sporules, Penicil- 
liwm, or capsules containing numerous globular seeds, Aspergil* 
Iw (sic). 

This is but another mode of stating the same thing as above 
referred to byM. Trecul, that certain cells, resembling yoast cells 
(Torula\ are developed spontaneously, and that these ultimately 
pass through the form of mould called PenicilUwi to the moro 
complex Mucor (which the writer evidently has confounded with 
Asp&yiUw, unless he alludes to the ascigerous form of Axper** 
gillus, long known as JSurotmm)* From what is now known 
of the polymorphism of fungi, there would be little di Hi cully 
in believing that cells resembling yeast cells would develop 
into jPenicilliitm, as they do in fact in what is called tho " vine- 
gar plant/' and that tho capsuliferous, or higher condition of 
this mould may be a Mucor^ in which tho sporulcs are produced 
in capsules. Tho difficulty arises earlier, in tho supposed spon- 
taneous origination of yeast cells from molecules, which rcHMlt 
from the peculiar conditions of light, temperature, &c., in which 
certain solutions arc placed. It %vould bo impossible to review 
all tho arguments, or tabulate all the experiments, which have 
boon employed for and against this theory. It could not bo 
passed over in silence, since it has been one of the atirrkg ques- 
tions of tho day* The great problem how to exclude all germs 

* Br, J. H. Bennett " On tho Molecular Origin o Infusoria," p. 80, 
f tThcy Have, however, no close relation with real 3f'0rw&e, such &s T* 
lioidca, &c,~rCo<;o}'s ffandbooh, p. 4^7* 
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from the solutions experimented upon, and to keep them ex- 
cluded, lies at the foundation of the theory. It must ever, as 
we think, be matter of doubt that all germs were not excluded 
or destroyed, rather than one of belief that forms known to be 
developed day by day from germs should under other conditions 
originate spontaneously. 

Fungi are veritably and unmistakably plants, of a low or- 
ganization, it is true, but still plants, developed from germs, 
somewhat analogous, but not wholly homologous, to the seeds of 
higher orders. The process of fertilization is still obscure, but 
facts are slowly and gradually accumulating, so that we may 
hope at some not very distant period to comprehend what as 
yet are little removed from hypotheses. Admitting that fungi 
are independent plants, much more complex in their relations 
and development than was formerly supposed, it will be ex- 
pected that certain forms should be comparatively permanent, 
that is, that they should constitute good species. Here, also, 
efforts have been made to develop a theory that there are no 
legitimate species amongst fungi, accepting the terms as hither- 
to applied to lowering plants. In this, as in allied instances, 
too hasty generalizations have been based on a few isolated 
facts, without duo comprehension of the true interpretation of 
such facts and phenomena. Polymorphism will hereafter receive 
special illustration, but meantime it may bo well to state that, be- 
cause some forms of fungi which have been described, and which, 
have borne distinct names as autonomous species, are now proved 
to be only stages or conditions of other species, there is no reason 
for concluding that no forms arc autonomous, or that fungi which 
appear and are developed in successive stages arc not, in their 
entirety, good species. Instead, therefore, of insinuating that 
there are no good species, modern investigation tends rather to 
the establishment of good species, and tho elimination of those 
that are spurious. It is chiefly amongst the microscopic species 
that polymorphism has been determined. In the larger and 
fleshy fungi nothing has boon discovered which can shako our 
faith in the species described half a century, or more, ago. In 
the Agarics, for instance, tho forms scorn to be as permanent and 
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as distinct as in the flowering plants. In fact, there is still no 
reason to dissent, except to a very limited extent, from what 
was written before polymorphism was accredited, that, "with a 
few exceptions only, it may without donbt he asserted that more 
certain species do not exist in any part of the organized world 
than amongst fungi. The same species constantly recur in the 
same places, and if kinds not hitherto detected present them- 
selves, they are either such as are well known in other district, 
or species which have been overlooked, and which are found on 
better experience to bo widely diffused. There is nothing like 
chance about their characters or growth."* 

The parasitism of numerous minute species on living and 
growing plants has its parallel even amongst phanerogams in 
the mistletoe and broom-rape and similar species. Amongst 
fungi a large number arc thus parasitic, distorting, and in many 
cases ultimately destroying, their host, burrowing within the 
tissues, and causing rust and smut in corn and grasses, or ovon 
more destructive and injurious in such moulds as those of the 
potato disease and its allies. A still larger number of Amjjfi 
&ro developed from decayed or decaying vegetable ni.'tUcr. 
These arc found in winter on dead loaves, twigs, brunches, 
rotten wood, the remains of herbaceous plants, uncl soil largely 
charged with disintegrated vegetables. As soon as a plant 
begins to decay it becomes the source of a new violation, 
which hastens its destruction, a,nd a new cycle of life com- 
mences. In those instances, whether parasitic on living plants 
or developed on dead ones, tho source is still vegetable. But 
this is not always the case, so that it cannot bo predicated that 
fungi are wholly epiphytal* Some species arc always found on 
animal matter, leather, hoxm, bono, <fee., UTK! flomo uflM wueh 
unpromising substances as minerals, from wkicli ifc would Im 
supposed thai no nourishment could bo obtained, not only himl 
gravel stones, fragments of.' rock, but also motalH, sneb UB Iron 
arid load, of which more may bo mtid when wo coma to trout of 
the habitat** of fungi. Although in general terms fungi rwty 
be described as " hysterophy tal or epiphytal my coials deriving 

* Berkole/s "Outlines of Britiah Fuagology," p< 24. 
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nourishment by means of a mycelium from the matrix/'* there 
are exceptions to this rule with which the majority accord. 

Of the fungi found on animal substances, none are mora 
extraordinary than those species which attack insects. Tho 
white mould which in autumn proves so destructive to the 
common house-fly may for the present be omitted, as it is 
probably a condition of one of the Saprolegniei> which some 
authors include with fungi, and others with algre. Wasps, 
spiders, moths, and butterflies become enveloped in a kind of 
mould named Isaria, which constitutes the conidia of Torrubia^ 
a genus of club-shaped Sphari& afterwards developed. Some 
species of Isaria and Torrulia also affect the larvco and pupco 
of moths and butterflies, converting the whole interior into a 
mass of mycelium, and fructifying in a clavate head, It lias 
been subject for discussion whether in such instances tho 
fungus commenced its development during the life of the in- 
sect, and thus hastened its death, or whether it resulted after 
death, and was subsequent to the commencement of cleeuy.f 
Tho position in which certain large moths arcs found standing 
on leaves when infested with Isaria resembles so closely that 
of the house-fly when succumbing to S/wrwi(?onffm&> Mitfica, 
would lead to the conclusion that certainly in some cases tho 
insect was attacked by the fungus whilst wtill living; whilst a 
the case of buried caterpillars, Buch as tho Now Treulund or 
British Repialit&i it is difficult to decide, Whether in life or 
death in these instances, it is clear that tho silk-worm disease 
Mmcardine attacks the living insect, and causes death* I& tbo 
case of tho Q-utycs v&g&tttntes, the wasp is aid to fly about with 
*ho fungus partially developed. 

In all fungi we may recognisso a vegetative and a reproductive 
system : sometimes the fmt only becomes developed, and theit 
the fungus IN imperfect, nnd Homotiracs the latter is far more 
prominent than the former* There is usually an agglomeration 
of delicate threads, either jointed or not, which are noniowhat 
analogous to the roots of higher plants Those delicate threads 

* Bflrkelo/a "Introduction to Cryptagataio Botany, 1 ' p, m, 

t Gray, * Notice* of Insecte wMch form the Basis of Fungoid Bwrawta," 
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permeate tlie tissues of plants attacked by parasitic fungi, or 
they run over dead leaves forming whitened patches, formerly 
bearing the name of Himantia, but really the mycelium of some 
species of Marasmus. If checked or disturbed, the process 
stops here, and only a mycelium of interwoven threads is 
produced. In this condition the mycelium of one species so 
much resembles that of another, that no accurate determination 
can be made. If the process goes on, this mycelium gives rise 
to the stem and cap of an agaricoid fungus, completing the 
vegetative system. This in turn gives origin to a spore-bearing 
surface, and ultimately the fruit is formed, and .then the fungus 
is complete j no fungus can be regarded as perfect or complete 
without its reproductive system being developed. In some this is 
very simple, in others it is as complox. In many of the moulds we 
have miniature representatives of higher plants an the mycelium 
or 2'oots, stem, branches, and at length capsules bearing sporidia, 
which correspond to seeds. It is true that leaves are absent, 
but those are sometimes compensated by lateral processes or 
abortive branchlets, A tuft of mould is in miniature a forest of 
trees. Although such a definition may bo doomed more poetic 
than accurate, more GguratJve than literal, yet low could bolicvo 
in the marvellous beauty of a tuft of mould if they ucvor saw it 
as exhibited under the microscope. In such a condition no doubt 
could be entertained of its vegetable character. But there is a 
lower phase in which these plants arc wometimes encountered ; 
they may consist only of single cells, or strings of cells, or threads 
of Bimple structure flouting in fluids* In Buch conditions only 
tho vegetative system is probably developed, mid that imperfectly, 
yet some have ventured to give names to isolated cell**, or 
strings of cells, or threads of mycelium, which really in them- 
selves possoHw none of tho elements of correct elaHsifieatum -the 
vegetative Hyntom, oven, being imperfect, and eoiiHequonily the 
reproductive is absent. As already observed, no futtgun it* per- 
feet without fruit of some kind, and the peculiarities of structure 
arid development of fruit form one of the mont important elements 
in classification- To attempt, therefore, to give names to such 
imperfect fragments of undeveloped plants ia almcmt aa absurd 
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as to name a flowering plant from a stray fragment of a root- 
fibril accidentally cast out of the ground nay, even worse, for 
identification would probably be easier. It is well to protest 
at all times against attempts to push science to the verge of 
absurdity ; and such must be the verdict upon endeavours to 
determine positively such incomplete organisms as floating cells, 
or hyaline threads which may belong to any one of fifty species 
of moulds, or after all to an alga. This leads us to remark, in 
passing, that there are forms and conditions under which fungi 
may bo found when, fructification being absent that is, tho 
vegetative system alone developed they approximate so closely 
to algco that it is almost impossible to say to which group the 
organisms belong. 

Finally, it is a great characteristic of fungi in general that 
they arc very rapid in growth, and rapid in decay. In a night 
a puifball will grow prodigiously, and in the same short period 
a mass of paste may bo covered with mould. la a few hoars a 
gelatinous mass of Rctdcularia will pass into a bladder of dust, 
or a Coprinus will bo dripping into decay. Remembering this, 
mycopluigists will take no to that a fleshy fungus which may bo 
good eating at noon may undergo auch changes in a few hours 
as to bo anything but good eating at night. Many instances 
have boon recorded of tho vapidity of growth in fungi ; it may 
also bo accepted as an axiom that they are* in many instances, 
equally as rapid in decay. 

Tho aiunity between li ebons and fungi has long boon re- 
cognized to its full toud legitimate extent by lichenologists and 
myeologists.* In the " Introduction to Oryptogamio Botany," ifc 

* On tno relation or connection between fungi and lichens, H* 0. Borby 
has Rome per Lin cut remarks m hi communication to the Itoyal Society on 
** Comparative Vegetable Chromatology 7> (ProecedtogH Eoyal Society, vol. xxi, 
1873, p, 470), H one result of las epectroseopic examinations. He my t 
"Such being the relations between tho organs o reproduction and the foliage, 
it is to some extent pofwblo to understand the connection between parasitic 
plants like fungi, which do not derive their support from the constructive 
energy of their froncte, and thowo which are self-supporting and poaaeH* true 
fronds. In the highest claret* of plants the flowers are connected with the 
leaves, more ca^eckUy by means of xanthophyll and yeHow xaathophyll, 
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was proposed to unite them in one alliance, under the name oi 
MycetaleS) in the same manner as the late Dr. Lmdley had united 
allied orders under alliances in his "Vegetable Kingdom ;" but, 
beyond this, there was no predisposition towards the theory 
since propounded, and which, like all new theories, has collected 
a small but zealous circle of adherents. It will bo necessary 
briefly to summarize this theory and the arguments by which it 
is supported and opposed, inasmuch as it is intimately connected 
with our subject. 

As recently as 1868, Professor Schwendenor first propounded 
his yiews,* and then briefly and vaguely, that all and every 
individual lichen was but an algal, which had collected about it 
a parasitic fungal growth, and that those peculiar bodies which, 
under the name ofyonidia, were considered as special organs of 
lichens, were only imprisoned algco, In language which the 
Bev. J. M. Crombiof describes as "pictorial," this author gave 
the general conclusion at which he had arrived, aa follows : 
* e As the result of my researches, all these growths arc not tumplo 
plants, not individuals in the usual sense of the term; they 
are rather colonies, which consist of hundreds and ihousumlH 
of individuals, of which, however, only one acts aw master, while 
the others, in perpetual captivity, provide nourLshmmii for them* 
selves and their master. This master is a fungus of tho rmlor 
AscomyceteS) a parasite which is accustomed to live upon tho work 
of others; its slaves aro green alguo, which It has songM out, or 
indeed caught hold of, and forced into its servico. It surround** 

whereas in tho cose of lichens tbe apothecia contain very little, if any, of tlwso 
Sttbwtanccs, but a largo amount of tho liehcnnxanthifiuM HO cliufrtt'tcrwUfl of tho 
class. Looking upon fungi from thin uhrom.'ituJ<>#ti'al point </f vit>w, tlu*y bear 
something like tho game relation to lieiionu that the petals of a ItttilwH ituniHitie 
pfcint would hoar to tho foliage of one of normal clHtwtfr that in to nny, they 
are, as it wore, tJio coloured organs of reproduction of pirtuiitlu plants of a typo 
closely approaching that of liohonH, whiuh, of course, IH in very dorw, if nnt in 
absolute agreement with tho conclusions drawn by botuubtH front 



* Sohwendenor, ^Unturnucjhungon 
t Crombio (J, M.) *'0n tho Lichoa-Gonidla Question," in ** JPoptilar Selene* 
Review 1 ' for July, 3 
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them, as a spider does Its prey, witTi a fibrous net of narrow 
meshes, which is gradually converted into an impenetrable 
covering. While, however, the spider sticks its prey and leaves 
it lying dead, the fungus incites the algas taken in its net to 
more rapid activity ; nay, to more vigorous increase/' This 
hypothesis, ushered upon the world with all the prestige of the 
Professor's name, was not long in meeting with adherents, and 
the cardinal points insisted upon were 1st. That the generic 
relationship of the coloured " gonidia " to the colourless fila- 
ments which compose the lichen thallus, had only been assumed, 
and not proved ; 2nd. That the membrane of the gonidia was 
chemically different from the membrane of the other tissues, 
inasmuch as the first had a reaction corresponding to that of 
algo, whilst the second had that of fungi; 3rd. That the 
different forms and varieties of gonidia corresponded with 
parallel types of algce ; 4th. That as the germination of the 
sporo had not been followed further than the development of a 
hypotlmllus, it might be accounted for by tho absence of the 
essential algal on which the now organism should become para- 
sitic ; /5th. That there iu a striking correspondence between tho 
development of tho fruit in lichens and in some of the spovidii* 
ferous fungi (Pyrenouttfcfles). 

Those five points have boon combated incessantly by lichen- 
ologists, who would really be supposed by ordinary mincls to be 
the most practically acquainted witli the structure and develop* 
merit of these plants, in opposition to the theories. It is a fact 
which should have some weight, that no Bdhenologisfc of repute 
him an yet accepted the theory. In 187*3 Dr* E. Bonxot* came 
to tho aid of Schwondencr, and almost exhausted the subject, 
bat failed to convince either tho practiced liehonologisfc or 
xnycologist. The two groat points sought to bo established are 
those, that what we call lichens are compound organisms, not 
simple, independent vegetable entities ; and that this compound 
organism consists of unicellular algtu, with a fungus ptiramiio 
upon them. Tho coloured gonidia which are found in tho 

* "Hornet, (&}, *' Eeclierches &ur les Cfouidies des Lichena," in " Ana, de SoL 
Nat." 1873, 5 6r. vol *vii 
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substance, or thallus of lichens, are tlie supposed algas ; and the 
cellular structure which surrounds, encloses, arid imprisons the 
gonidia is the parasitic fungus, which is parasitic on something 
infinitely smaller than itself, and which it entirely and absolutely 
isolates from all external influences, 

Dr. Bornot believed himself to hare established that every 
gonidium of a lichen may be referred to a species of alga?, and 
that the connection between the hypha and gonidia is of such a 
nature as to exclude all possibility of the one organ being pro- 
duced by the other. This he thinks is the only way in which it 
can be accounted for that the gonidia of diverse lichens should 
be almost identical. 

Dr. Tylander s in referring to this hypothesis of an imprisoned 
algal,* writes : "The absurdity of such an hypothesis is evident 
from the very consideration that it cannot be the case that an 
organ (gonidia) should at the same time bo a parasite oil tho 
body of which it exorcises vital functions ; for with equal 
propriety it might be contended that tho liver or the spleen 
constitutes parasites of tho mammiferce. Parasite existence in 
autonomous, living upon a foreign body, of which nature 
prohibits it from being at the same time an organ. This IB 
an elementary axiom of general physiology. But observation 
directly maclo teaches that tho grocn matter originally arises 
within tho primary chlorophyll* or phycoelm mi-bearing cellule, 
and consequently is not intruded from any external quarter, nor 
arisen in any way from any parasitism of any kind. Tho cellule 
at first is observed to bo empty, and then, by the aid of secretion, 
groon matter is gradually produced in the cavity and oHHiimoff a 
definite form, Jt can, therefore, bo very easily and evidently 
.demonstrated that tho origin of green matter in lichens S on* 
tirely the flame as in other plants-" On another occasion, and in 
another place, the same eminent lichonologfafc renmrks,t w to 
the supposed algoid nature of gonidia ** that such an unnatural 
existence as they wonld thus pass, enclosed in a prison and 

* Nylandor, "On tho Algo-Lieh<m Hypotfawi* 1 ' &&i & "Ofreviilen," vol it 
(1874), No. 22, p. 140. 
t In Kqpnutag " Plora," 18*70, p. S& 
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deprived of all autonomous liberty, is not at all consonant with 
the manner of existence of the other algae, and that it has no 
parallel in nature, for nothing physiologically analogous occurs 
anywhere else. Krerapelhuber has argued that there are no 
conclusive reasons against the assumption that the lichen-gonidia 
may be self- developed organs of the lichen proper rather than 
algSB, and that these gonidia can continue to vegetate separately, 
and so be mistaken for unicellular algsa." In this Th, Fries 
seems substantially to concur. But there is one strong argu- 
ment, or rather a repetition of an argument already cited, placed 
in a much stronger light, which is employed by Nylander in the 
following words : " So far are what are called algae, according 
to the turbid hypothesis of Schwendener, from constituting true 
algse, that on the contrary it may be affirmed that they have a 
lichenose nature, whence it follows that these pscudo-algas are 
in a systematic arrangement to be referred rather to the lichens, 
and that the class of algse hitherto so vaguely limited should be 
circumscribed by new and truer limits. 

As to another phase in this question, there are, as Krempel- 
huber remarks, species of lichens which in many countries do 
not fructify, and whose propagation can only be carried on by 
means of the sorcdia, and the hyphse of such could in themselves 
alone no moro serve for propagation than the hyphfB from the 
pilous or stalk of an Agaric, while it is highly improbable that 
they could acquire this faculty by interposition of a foreign 
algal. On tho other hand he argues : " It is much more con- 
formable to nature that the gonidia, as self-developed organs of 
the lichens, should, like the spores, enable the nyphss proceeding 
from them to propagate the individual,* 

A case in point has been adducedf in which gonidia were 
produced by the hypha, and the genus Hmericella^ which is 
allied to Husseia in the 2Hchoga$tre$, shows a structure in tho 
stem exactly resembling Palmella fotryoides of Greville, and to 
what occurs in Synalyssa* Jfimericella, with one or two othe* 

* Kov, J, M, Crombie, in " Popular Science Beview," July, 1874, 
f Berkeley's u Introduction to Cryj>toga*nic Botany," p. 373, fig. 78<fe 
$ Berkole/s " Introduction/' p. 341, %. 7& 
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genera, must, however, be considered as connecting Trickoga$tre& 
with lichens, and the question cannot be considered as satis- 
factorily decided till a series of experiments has been made on 
the germination of lichen spores and their relation to free algse 
considered identical with gonidia. Mr. Thwaites was the first 
to point out* the relation of the gonidia in the different sections 
of lichens to different types of supposed algas. Tho question 
cannot be settled by mere a priori notions. It is, perhaps, 
worthy of remark that in CMonypJie Carteri the threads grow 
over the cysts exactly as the hypha of lichens is represented ati 
gTowing over the gonidia. 

Beccntly, Dr. Thwaites has communicated his views on one 
phase of this controversy,*}- which will servo to illustrate the 
question as seen from the mycological side, As is well known, 
this writer has had considerable experience in the study of the 
<tnatomy and physiology of all tho lower cryptogamia, and any 
suggestion of his on such a subject will at least commend ilscU 
to a patient consideration, 

" According to our experience," he writes, c< I think parasitic 
fungi invariably produce a sad effect upon tho tissues they fix 
themselves upon or in. These tissues become pale in colour, 
and in every respect sickly in appearance. But who has over 
seen the gonidia of lichens tho worse for having the *hypl*a' 
growing amongst them ? These gonidia are- always m tho 
plumpest state, and with tho freshest, healthiest colour po&Hible, 
Cannot it enter into the heads of these mont patient and ex- 
cellent observers, that a cryptogamic plant may have two kinds 
of tissue growing side by side, without tlio niscoRHity of one 
being parasitic upon tho other, just m one of the higltor plants 
may have half a doxen kinds of tissue making up its orgimim* 
tioa? The beautifully symmetrical growth of tho samo lichens 
has seemed to BIO a nuffieient argument against one portion 
being parasitic upon another, but when we see all iiaraony and 
robust health, the idea that one portion ia subnistijig parariticaHy 
upon another appears to me to be a perfect absurdity/* 

* * Aimals aiid Mazarine of Natural History," April, 184& 
f la. "Gterfflurti Chronicle" for 1878, p. 1841. 
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It appears to us that a great deal of confusion and a large 
number of errors which creep into our modern generalizations 
and hypotheses, may be traced to the acceptance of analogies 
for identities. How many cases of mistaken identity has the 
improvement of microscopes revealed during the past quarter 
of a century. This should a least serve as a caution for the 
future. 

Apart, however, from the " gonidia," whatever they may be, 
is the remainder of the lichen a genuine fungus ? Nylander 
wiites, "The anatomical filamentose elements of lichens are 
distinguished by various characters from the hyphee of fungi. 
They are firmer, elastic, and at once present themselves in the 
texture of lichens- On the other hand, the hyphse of fungi are 
very soft, they possess a thin wall, and are not at all gelatinous, 
while they are immediately dissolved by the application of 
hydrate of potash, &c,* 

Our own experience is somewhat to the effect, that there are 
some few lichens which are doubtful as to whether they are 
fungi or lichens, but, in by far the majority of cases, there is 
not the slightest difficulty in determining, from the peculiar 
firmness and elasticity of the tissues, minute peculiarities which 
the practised hand can detect rather than describe, and even 
the general character of the fruit that they differ materially 
from, though closely allied to fungi. We hare only experience 
to guide us in these matters, but that is something, and we have 
no experience in fungi of anything like a Cladonia, however 
much it may resemble a Torrulia or Clavaria* We have Pezi%& 
with a subiculum in tho section Tapesia, but the veriest tyro 
would not confound thorn with species of Farmelia. It is true 
that a great number of lichens, at first sight, and casually, 
resemble species of the Hystenacei, but it is no less strange 
than true, that lichenologists and mycologists know their own 
BufHciently not to commit depredations on each other. 

Contributions are daily being made to this controversy, and 
already the principal arguments on both sides have appeared in 

* " OreviHea/* vol. iL p. 147, fa aote. 
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an English dress,* hence it will be unnecessary to repeat those 
which are modifications only of the views already stated, our 
own conclusions being capable of a very brief summary : that 
lichens and fungi are closely related the one to the other, but 
that they are not identical ; that the " gonidia " of lichens 
are part of the lichen-organization, anji consequently are not 
algge, or any introduced bodies ; that there is no parasitism ; 
and that the lichen thallus, exclusive of gonidia, is wholly 
unknown amongst fungi. 

The Rev. J, M. Orombie has therefore our sympathies in the 
remark with which his summary of the gonidia controversy 
closes, in which he characterizes it as a " sensational romance of 
lichenology,*' of the " unnatural union between a captive algal 
damsel and a tyrant fungal master." 

* "W, Archer, in "Quart. Journ. Micr, Sel" vol, xiii. p. 217; vol. adv. 
p. 115, Transition of Schwendener's "Nature of the Gonidia of Lichens," in 
eame journal, vol. xiii. p. 236. 
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II. 

STRUCTURE. 

WITHOUT some knowledge of the structure of fungi, it is scarcely 
possible to comprehend the principles of classification, or to 
appreciate the curious phenomena of polymorphism. Yet there 
is so great a variety in the structure of the different groups, 
that this subject cannot be compressed within a few paragraphs, 
neither do wo think that this would be desired if practicable, 
seeing that tho anatomy and physiology of plants is, in itself, 
sufficiently important and interesting to warrant a rather ex- 
tended arid explicit survey. In order to impart as much prac- 
tical utility as possible to this chapter, it seems advisable to 
treat some of the most important and typical orders and sub. 
orders separately, giving prominence to the features which ar* 
chiefly characteristic of those sections, following tho order of 
systematise as much as possible, whilst endeavouring to render 
each section independent to a considerable extent, and complete 
in itself. Some groups naturally present more noteworthy 
features than others, and will consequently seem to receive 
more than their proportional share of attention, but this Beem- 
ing inequality could scarcely have been avoided, inasmuch as 
hitherto some groups have been more closely investigated than 
others, are more intimately associated with other questions, or 
are more readily and satisfactorily examined under different 
aspects of their life-history. 

AaARiciM,-~~For tho structure that prevails in tho order to 
which the mushroom belongs, an examination of ihat spocies 
will be almost sufficient. Hero wo shall at once recognise 
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three distinct parts requiring elucidation, viz. the rooting 
slender fibres that traverse tho soil, and termed the mycelium, 
or spawn, the stem and cap or pileus, "which together con- 
stitute what is called the liymenophore, and the plates or gills 
on the under surface of tho cap, which bear the "kymeniiim* 
The earliest condition in which the mushroom, can bo recognised 
as a vegetable entity is in that of the " spawn " or mycelium, 
which is essentially an agglomeration of vegetating spores. Its 
normal form is that of branched, slender, entangled, anasto- 
mosing, hyaline threads. At certain privileged points of the my* 
celi urn, the threads seem to be aggregated, and become centres 
of vertical extension. At first only a small nearly globose bud- 




!Pio, 1. Agaric In Process of Growth. 

ding, lite a grain of mustard seed, is visible, but thin after* 
wards increases rapidly, and other similar buddings or swellings 
appear at the base.* These are the young hymenophoro. As 

* A curious case occurred some years since at Bury St. Edmunds, which may foe 
mentioned hero in connection with the development, of these nodules. Two children 
Bad died under suspicious circumstances, and an examination of the body of 
tho latter after exhunmtion was made, a report having arisen that the child died 
after eating munhrooms. As certain white nodules appeared on the inner surface 
of the intestine**, it was at once hawtily concluded that the BporeH of the mush* 
room had germinated, and that the nodules wore infant nwhroora& This 
appeared to one oi us so strange, that application was made for specimens, 
which were kindly forwarded, and a cursory glance was enough to con vinos tw, 
that they were aot fungoid. An examination under the microscope further con-/ 
firmed the diagnosis, and the application of nitric acid showed that the nodaten 
were merely due to chalk mixture, which had been givoa to tha child for &'#$ A 
(Jiarrhetic symptoms under which he succumbed* 
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it pushes through the soil, it gradually loses its globose form, 

becomes more or less elongated, and in this condition a longftfl* 

dinal section shows the position of the futui^e gills in a parf of 

opposite crescent-shaped darker-coloured spots near the apex. 

The dermal membrane, or outer skin, seems to be continuous 

over the stem and the globose head. At present, there is no 

external evidence of an expanded pileus and gills ; a longitu- 

dinal section at this stage shows that the gills are being deve- 

loped, that the pileus is assuming its cap-like form, that the 

membrane stretching from the stem to the edge of the young 

pileus is separating from the edge of the gills, and forming a 

veil, which, in course of time, will separate below and leave the 

gills exposed. When, therefore, the mushroom has arrived 

almost at maturity, the pileus 

expands, and in this act the 

veil is torn away from the 

margin of the cap, and re- 

mains for a time like a collar 

around the stem. Fragments 

of the veil often remain at- 

tached to the margin of the 

pileus, and tho collar adhe- 

rent to the stem falls back, 

niid thenceforth is known as 

tho anmdus or ring. Wo 

have in this stage the fully- 

developed hymenophore, 

the stem with its ring, sup* 

porting an expanded cap or 

pileus, with gills on tho under 

surface bearing tho hyme* FKI. 2 -Soctio of Common Mushroom* 

nium** A longitudinal section cut through tho pilous and dowa 

* Ehrenborg compared tho whole Rtructure of an Agaric with that of a saoiaM, 
tho mycelium corresponding with the hyphasma, the stem and pilaus with the 




and the liymeuium with the fructifying brunchluts. The comparison it x*o 
les* ingenious than true, and given a lively Idea of tho connection of tho TO** 
noble with the more humble fungi. jE&rk dt Mycetogentsi. 

fli 
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the stem, gives the best notion of the arrangement of the 
parts, and their relation to the whole. By this means it will b 
seen that the pilens is continuous with the stem, that the sub- 
stance of the pileus descends into the gills, and that relatively 
the substance of the stem is more fibrous than that of the pilous. 
In the common mushroom the ring is very distinct surrounding 
the stem, a little above the middle, like a collar. In ijomo 
Agarics the ring is very fugacious, or absent altogcthei*. The 
form of the gills, their mode of attachment to tho stem, their 
colour, and more especially the colour of the spores, arc all very 
important features to bo attended to in the discrimination of 
species, since they vary in different species. Tho whole 
substance of tho Agaric is cellular. A longitudinal fllico from 
tho stem will exhibit under tho microscope delicate tubular 
colls, the general direction of which is lengthwise, with lateral 
branches, the whole interlacing so intimately that it IB diffi- 
cult to trace any individual thread very far in its course. It 
will bo evident that the structure is less compact as it approaches 
tho centre of the stem, which in many species is hollow. Tho 
tyweniim is tho spore-bearing surface, which is exposed or naked, 
and spread over tho gills. Those plates are covered on all sides 
with a delicate membrane, upon which tho reproductive organs 
are developed. If it were possible to remove this membrane in 
one entire piece and spread it out lint, it would cover an 
immense surface, as compared with tho sixo of tho piUniB, for it 
is plaited or folded like a lady's fan over tho whole of tho gill* 
plates, or lamellae, of tho fungus,* If tho stom of a muBhroom 
be cut off close to the gills, and tho cap laid upon a ttlwefc of 
paper, with the gills downward**, and left there for a few hours, 
when removed a number of dark radiating lines will bo dqionitod 
upon tho paper, each line corresponding with tho iuterntices 
between one pair of gills, Thoso linen are made up of nporos 
which, have fallen from tho hymoniura, and, if placed under the 
amcroscope, their character will at once bo made evident. If 
a fragment of tho hymonium bo also submitted to a similar 
examination, it will bo found that the whole Hurfueo is fcitnddecl 
* la Paxillut involutes the liymemum may fco readily ton* off md unfolded, 
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with spores. The first peculiarity which will be observed is, 
that these spores are almost uniformly in groups of four 
together. The next feature to be observed is, that each spore 
is borne upon a slender stalk or sterigma, and that four of these 
sterigmata proceed from the apex of a thicker projection, from 
the hymenium, called a lasidiwm, each basidium being the sup- 
porter of four sterigmata, and each sterigma of a spore.* A 
closer examination of the hymenium will reveal the fact that 
the basidia are accompained by other bodies, often larger, but 
without sterigmata or spores ; these have been termed 
and their structure and functions have 
been the subject of much controversy, t 
Both kinds of bodies are produced on 
the hymenium of most, if not all, the 
Agaricini. 

The basidia are usually expanded 
upwards, so as to have more or less 
of a clavate form, surmounted by four 
slender points, or tabular processes, 
each supporting a wporc ; the contents 
of tliOHO colls arc granular, mixed 
apparently with oleaginous particles, 
which communicate through the 
slender tubes of the spicul&s with 
the interior of the spores* Corcla 
fjfcutes that, although only one spore is i 
produced at a time on each Bporo- J 
phore, when this falls away others are produced in succession 
for a limited period. As the npores approach maturity, the con- 
nection between their contents and the contents of the basidia 
diminishes and ultimately ceases. When the bamdium which 
bears mature spores is still well charged with granular matter, 
it may be presumed that the production of a second or third 

* 0?lns was well delineated in " Flora Pamca," plate 8 34, as observed ia<7c^nt<* 
comatus as lung ago .IB 17 SO. 

*|* A. de Bary, '* Morphologic ttnd Physiologieder Pilze," in. **Hofiaxeiat0f*8 Hand- 
i," vol. il cap* 1806, translated in ** Grevillea/' vol i p. 181. 
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of spores is quite possible. Basidia exhausted entirely of 
their contents, and which have become quite hyaline, may often 
be observed. 

^/ The cystidia are usually larger than the basiclia, varying in 
size and form in different species. They present the appearance 
of large sterile cells, attenuated upwards, sometimes into a 
slender neck. Corcla was of opinion that these were male 
organs, and gave them the name of pollinaires. Hoffmann has 
also described* both these organs under the names of pollinaria. 
and spermatia, but does not appear to recognize in them the 
sexual elements which those names would indicate ; whilst 
(3e Seynes suggests that the cystidia are only organs returned to 
vegetative functions by a sort of hypertrophy of the basidia.f 
This view seems to be supported by the fact that, in the section 
fltoteus and some others, the cystidia are surmounted by short 
horns resembling stengniatn.. Hoffmann has also indicated $ 
the passage of cystidia into basidia. The evidence seems to bo iu 
favour of regarding the cystidia as barren conditions of bawidia. 
There are to bo Ibuml upon tho hymenium of Agarics a. third 
kind of elongated et^lis, called by Corda basilaay cells, and by 
Hoffmann **storilo cells," which are cither equal in siaso 01* snwlltT 
than tlio basidia, with which also their structure agrees, except- 
ing in the development of spioulcs. These arc tlio "proper ccll 
of the Lymenium" of Lcvcille, and are simply tlio terminal u!lw 
of tho gill structurocclJs which, under vigorous conditions, 
might bo cbvelopwl into busidia, but which arc commonly 
arrested in tlicir development. As suggested by do SeynuH, the 
hyineinnm seoms to IJL- reduced to great niniplicity, " ono nolu 
and solf-sjimc organ IB tlio basis of it ; according as it oxporicncoH 
an arreat of dovolopmcntr, aa it grows and fructilioN, or an it 
bccotnoB liy per iropl lied, it gives UB & parapliysa, a buHidium, or 
a cystidmm in other tunas, atrophied basidiurn, noriital 



* ** Die Poll mnrkm nml flpermatictt von Ayftricusf* in "BotaniBclio Ztitang/" 
Feb. 20 and March 7 18RG. 

f " Bsal tVuiio Flora mycolf^iqxw <le la Utlgioa <lo Mcmtpolliw." I*ariH, I860, 
t Hoffmann, "BotaniachoiSoHuiig,'* 1850, p. Iij9, 
i Corda, " looaes Fuagorum Imcujsquo cognitorum,'* iii. j>* 41, Prague, 1839* 
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dium, and hypertrophied basidinm ; these are the three elements 
which form the hyraenium."* 

The only reproductive organs hitherto demonstrated in Agarics 
are the spores, or, as sometimes called, from their method of 
production, l>asidiospores.\ These are at first colourless, but 
afterwards acquire the colour peculiar to the species. In size 
and form they are, within certain limits, exceedingly variable, 
although form and size are tolerably constant in the same 
species. At first all are globose; as they mature, the majority are 
ovoid or elliptic ; some are fusiform, with regularly attenuated 
extremities. In Hygrophorm they are rather irregular, reniform, 
or compressed in the middle. Sometimes the external surface is 
rough with more or less projecting warts. Some mycologists 
are of opinion that the covering of the spore is double, consist- 
ing of an escospore and an endospore, the latter being very fine 
and delicate. In other orders the double coating of the spore 
has been demonstrated. When the spore is coloured, the exter- 
nal membrane alone appears to pos- 
sess colour, the endospore being con- 
stantly hyaline. It may be added here, 
that in this order the spore is simple 
and unicellular. In Lactarius and 
Hussula the trama, or inner substance, 
is vesicular. True latex vessels occur 
occasionally in Agaricus, though not 
filled with milk as in Laetarius. 

POI/YPOBEL In this order the gill 
platoB arc replaced by tubes or pores, 
the interior of which is lined by the 
liymonitim ; indications of this struc- 
turo having already been exhibited in some of the lower 

* Cooks, M. <X, ** Anatomy of a Mushroom,'' in "Popular Science Beview," 
vol. Yiii p. 380. 

f An attempt was made to show that, in Ag&ncus melleus t distinct asci were 
found, tn a certain stage, on the gills or lamellas. We Have in Tain examined the 
gills 5n various conditions, and could never detect anything of the kind* It is 
probable that the asci belonged to ome specie* o Hypomyces, a genus of para- 
uitic Sphooriaceous fungi. 
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Agaricini. In many cases the stem is suppressed. The sub- 
stance is fleshy in Boletus^ but in Polyporus the greater number 
of species are leathery or corky, and more persistent. The 
basidia, spicules, and quaternate spores agree with those of 
Ag-aricini** In fact there are no features of importance which 
relate to the hymenium in any order of Hymenowycetes (tho 
TremelHni excepted) differing from the same organ in Agaricim^ 
unless it be the absence of cystidia* 

HTDNEI. Instead of pores, 
in this order the hymenkcra 
is spread over the surface of 
spines, prickles, or warts.f 

AumcuLARiNf, The hyme- 
nium is more or less even, 
and in - 

CLAVARCEI the whole fungus 
club- shaped, or more or 
less intricately branched, will* 
. 5, Jfyditvm wjpamZttm. tho liymcuiiim covering tt0 

outer surface. 

I, In this order we have a great departure from 
the character of the substance, external appearance, ami internal 
structure of tho other orders in this family. Here wo have a 
gelatinous substance, and tho form in lobecl, folded, convolute, 
often resembling tho brain of some animal. The interiml ntruc- 

* It is not intended that tho spores arc ahvjtyn qnat<;rnatr$ in Af/ftriritt^ though 
that number is constant in the more typical KptjCit'tf. They HuntvtimcH exceed 
four, and are sometimes reduced to one, 

f* Tho 0{K!cion long known as /fydnwn f/clutinnsum w,i ^xaiiunod by Mr, P 
Curroy in 1800 (Journ. Linn. ^c.}> an< l Jl "ae to tlw couciuHion that it was 
not a good /li/dnum* Since tlion Jt luut IKCH luadu ^ typ<i of a. mw gonu 
(ffydAot/fa* Jj. and Hr. or, as callod by FrieH, in ill*' no|Hitinu of " KincriwB,'* 
Trandltidim) POIH. Myc. Bur,), ad tran^ferrwl to tlic Tmmvinni. Ourrcy fiitys, 
tipon oxaxnining tho fructification, he W.-LM aurpriwl to jRnd thnt, although in ita 
extomaX charactura it wan a perfect Jflyd'iinm, it bor^tta fruit of a Trtmll&> 
If OBO of the tcc'th be examined with tho initiiwoi>e, itivill bo ncun to (Knunat of 
threads hearing four-lobcd Hporophorcs, and RporcB exactly hailar to Tremdfa. 
It will thu ho eotj ho mlds, that tho j>hut i exactly intunnwliAto between 
iurmmgj uy it were, a btcj>piBg-jjano from ono to tlw othur* 
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tare lias been specially illustrated by M. Tulasne,* through the 
common species, Tremella mesenterica. This latter is of a 
fine golden yellow colour, and rather 
large size. It is uniformly composed 
throughout of a colourless mucilage, 
with no appreciable texture, in which 
are distributed very fine, diversely 
branched and anastomosing filaments. 
Towards the surface, the ultimate 
branches of this filamentous network 
give birth, both at their summits and 
laterally, to globular cells, which ac- 
quire a comparatively large size. Fl - 6, Caiocera VISCM&. 
These cells are filled with a protoplasm, to which the plant 
owes its orange colour. When they have attained their normal 
dimensions, they elongate at the summit into two, three, or 
four distinct, thick, obtuse tubes, into which the protoplasm 
gradually passes. Thj^Jevelopment 
of these tubes is umSual and not 
simultaneous, so that ofe' will often 
attain its full dimensions, equal, per- 
haps, to three or four times the dia- 
meter of the generative cell, whilst 
the others are only just appearing. 
By degrees, as each tube attains its 
full size, it is attenuated into a fine 
point, tho extremity of which swells 
into a spheroidal cell, which ulti- 
mately becomes a spore. Sometimes these tubes, or spicules, 
send out one or two lateral branches, each terminated by a spore* 
Those spores (obojjgOOC to *008 mm. diameter) are smooth, and 
deposit themHolvos^ko a fine white dust, on the surface of the 
Tremella and on its Vatrix. M, Leveillef was of opinion that 

* Tulosne, L R. ami 0. 1 " Observations on the Organization of fcfce TremeHiai," 
to "Ann. do* Sol. Net." 3?* adr. xix. (1800), pp. 193, &c, 

f M. Lforentf, in "A A. d Set Nttt." 2* s&. viii p. 328 ; 3 m8 8<5r, ix, 
p. 127; also Bouorden, *'IlWbueh tier Mycologie," p. 151. 




FIG, *I.~~TmiM!Ua, wewnterica. 
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the basidia of the Tremellini were monosporous, whilst M. 
Tulasne has demonstrated that they are habitually tetrasporous, 
as in other of the Hymenomycetes. Although agreeing in this, 
they differ in other features, especially in the globose form of 
the basidia, mode of production of the spicules, and, finally, the 
division of the basidia into two, three, or four cells by septa 
which cut each other in their axis. This division precedes the 
growth of the spicules. It is not rare to see these cells, formed 
at the expense of an unilocular basidium, become partly isolated 
from each other ; in certain cases they seem to have separated 
very early, they then becomo larger than usual, and are grouped 
on the same filament so as to represent a kind of buds. This 
phenomenon usually takes place below the level of tho fertile 
cells, at a certain depth in tho mucous tissuo of the Tremella. 

Besides tho reproductive system hero described, Tulusno also 
made known, tho existence of a series of filaments which produce 
spermatia* These filaments arc often scattered and confused 
with those which produce the basidia, and not distinguishable 
from them in size or any other appaixmt characteristic, except 
the manner in which their extremities arc branched in order to 
produce the spormatia. At other times the epermatia-bearing 
surface covers exclusively certain portions of tho fungnH, espe- 
cially the inferior lobes, imparting thereto a very bright orange 
colour, which is communicated by tho layer of sperm alia, 
unmixed with spores. TltoHo spots retain their bright colour, 
while the remainder of tho pL'int becomes pair, or covered with 
a white dust. Tho sperraatia are very small, sphcsricai, and 
smooth, scarcely equalling "002 mm. They are sesnilo, Home* 
times solitary, sometimes thi*ee or four together, on tho 
slightly swollen extremities of certain filaments of the weft of 
the fungus. 4 * Tulasno found it impossible to make those eor- 
puscloB germinate, and in, all t88ential particulars they agreed 
with the spermatia found in ancomyeetotts fungi, 
. In the gouus DocrywiyceS) tho same observer found the structure 

* Maine, fo "Ann, dos Sci, Nat.*' (Joe. cii) xix, pi x. fig* 29. 
"New Efotes upon TromcUmouH Fungi,*' in " Journ, Iina, Soc" vol. xiil 
p. 31. 
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to have great affinity with that of Tremella. The spores in the 
species examined were of a different form, being oblong, very 
obtuse, slightly curved ('013 '019 x -004 -006 mm.), at first 
unilocular, but afterwards triseptate. The basidia are cylin- 
drical or elavate, filled with coloured granular matter ; each of 
these bifurcates at the summit, and gradually elongates into two 
very open branches, which are attenuated above, and ultimately 
each is crowned by a spore. There are to be found also in the 
species of this genus globose bodies, designated " sporidioles " 
by M. Leveille, which Tulasne took considerable care to trace to 
their source. He thus accounts for them : Each of the cells ot 
the spore emits exteriorly one or several of these corpuscles, 
supported on very short and very slender pedicels, which remain 
after the corpuscles are detached from them, new corpuscles 
succeeding the first as long as there remains any plastic matter 
within the spore. The pedicels are not all on the same plane ; 
they arc often implanted all on the same, and oftenest on the 
convex side of the reproductive body. These corpuscles, though 
placed under the most favourable conditions, never gave the 
least sign of vegetation, and Tulasne concludes that they are 
flpermatia, analogous to thoso produced in Tremella. The spores 
which produce sperm atia arc not at all apt to germinate, whilst 
thoso which did not produce spermatia germinated freely. Hence 
it would appear that, although all spores necm to be perfectly iden- 
tical, they havo not all tho same function. The same observer 
detected also amongst specimens of tho Dacrymyces some of a 
darker and reddish tint, always bare of spores or spermatia on 
tho snrfitce, and these presented a somewhat different structure* 
Where tho tiflnuo had turned red it was sterile, the constituent 
filaments, ordinarily colourless, and almost empty of solid mattery 
wore filled with a highly-coloured protoplasm j they wero of less 
tenuity, more irregularly thick, and instead of only rarely pre- 
senting partitions, and remaining continuous, as in other parts 
of tho plant, wore parcelled out into an infinity of straight or 
curved pieces, angular and of irregular form, especially towards 
the gnrfouo of tho fungus, whore they compose a sort of pulp, 
varying in cohesion according to the dry or moist condition of 
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the atmosphere. All parts of these reddish individuals seemed 
more or less infected with this disintegration, the basidia divided 
by transverse diaphragms into several cylindrical or oblong 
pieces, which finally become free. Transitional conditions were 
also observed in mixed individuals. This sterile condition is 
called by Tulasne " gemmiparous," and he believes that it has 
ere now given origin to one or more spurious species, and misled 
mycologists as to the real structure of perfect and fruitful 
Dacrymyces. 

PHALLOIDEI. In this order the hymenium is at first enclosed 
wiihin a sort of peridium or universal volva, maintaining a 
somewhat globose or egg-shape. This envelope consists of an 
outer and inner coat of somewhat similar texture, and an inter- 
mediate gelatinous layer, often of considerable thickness. When 
a section is made of the fungus, whilst still enclosed in the 
volva, the hymenium is found to present numerous cavities, ia 
wliicli basidia are dovc4opcd, each surmounted by Bpicules (four 
to six) bearing oval or oblong spores,* It is 
very difficult to observe tho structure of the hy- 
menium in this order, on account of its dc k liquoH- 
cont nature* As the hymcsaiuiu approaches ma* 
turily, the volva is ruptured, and the plant rapidly 
enlarges, lu PliaUus^ a lung cruet cellular atom 
boars the cap, over which the hyrnouium IH 
sproad, and this expands enormously after <*cap- 
ing the restraint of the volva. Soon after expo- 
Buro, the hymomum deliquesces into a dark mucilago, coloured 
by the minute spores, which dripa from tho pileun, often diiluB- 
ing a most loathsome odour for a eonsiderablo diBtaiKJo, lu 
Clatltm^ tho receptacle forms a kind of network. In ./teKw?, 
tho pilcuH is beautifully stellate. In many tlio attractive forms 
would bo considered objects of beauty, \yct*e it not for their 
deliquescence, and often fwtid odour ,f 

* Berkeley, M. J. t *'0n the Fructification of Lyeopeitlon, PlialluH, ^ic.,*'in 
"Ann. Nat, Hint." 1840, vol. iv. p. 158, pi, C. JUorkulcy, M. J,, "littrwlua* 
tion Crypfc. Bofc." p. 3i(>, 

f Masae, L. E, and *, ** Fmigi Uy|gaji. n Parin. Biirkvlt-y ad Brooine, 
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PODAXINEI, This is a small but very curious group of fungi, 
in which the peridinm resembles a volva, which is more or less 
confluent with the surface of the pileus. They assume hymeno- 
mycetal forms, some of them looking like Agarics, Boleti, or 
species of Hydnum, with deformed gills, pores, or spines ; in 
MontagmteS) in fact, the gill structure is very distinct. The 
spores are borne in definite clusters on short pedicels in such of 
the genera as have been examined.* 

HYPOGCET. These are subterranean puff-balls, in which some- 
times a distinct peridium is present ; but in most cases it consists 
entirely of an external series of cells, continuous with the in- 
ternal .structure, and cannot be correctly estimated as a peridiuin. 
The hymenium is sinuous and convolute, bearing basidia with 
sterigmata and spores in the cavities. Sometimes the cavities are 
traversed by threads, as in the Myscogastres. The spores are in 
many instances beautifully echinulate, sometimes globose, at 
others c] OB gated, and produced in such numbers as to lead to* 
the belief that their development is successive on the spiculos. 
When fully matured, tho peridia are filled with a dusty mass 
of spores, BO tbat it JM scarcely possible in this condition to gain 
any notion of tho structure* This is, indeed, tho case with 
nearly nil &a$ler<wiyee4e$* The hypogooous fungi are curiously 
connector! with PJudloidei by the genus Hysteranffium. 

TiiiCHOrtASTflKs-t Ift their curly stages the species contained in 
thin group ai-c not gelatinous, as in tho Mt/MOt/avtrw, but are rather 
flotiliy and fiim Very little has boon added to our knowledge 
of structure in this group since 1839 and 1842, when one of us 
wroto io llio following effect ; If a young plant of Lycoperdon 
G&JtttuM or L. gemwahm bo cut through and examined with a 
common pocket Ions, it will bo found to consist of a fleshy mass, 

"BrH'mli Hypouos Fungi," in "Ann. Nat, Hint," 1840, xviil p, 74. Corda, 
" I<!OiM*H flunjjoniiii," vol. vi, pi. vii. viii. 

* Tiilasne, "Bur U- Genre Secotiim," in "Am, ties Sci. Nat," (1845), 3 mt> 
H&', vol. iv. p. IfiO, i)Ite U. 

f Tttlnwi^ Jj. H, and C. *'Do la Pmotification des Sclerodermct, compart a 
olle den Ljwitffdtin, & dc .tfomfcV* in w Ann* de Sci. Nat." 1642, xvii. p, 5. 
Tukwme, Xi. K a*l 0,, **$r lus Otonrcs Poljriacouui ot ^castor," in * 'Ann* uea 
Sci 3Nat/ T aa4ii, win, j>* 120, pU 5 and 6* 
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perforated in every direction with minute elongated, reticulated, 
anastomosing, labyrinthi form cavities. The resemblance of these 
to the tubes of Boleti in an early stage of growth, first led me to 
suspect that there must be some very close connection between 
them. If a very thin slice now be taken, while the mass is yet 
firm, and before there is the slightest indication of a change of 
colour, the outer stratum of the walls of these cavities is found 
to consist of pellucid obtuse cells, placed parallel to each other 
like the pile of velvet, exactly as in the young hymenium of an 
Agaric or Boletus, Occasionally one or two filaments cross from 
one wall to another, and once I have seen these anastomose. 
At a more advanced stago of growth, four little spiculcs are 
developed at the tips of the sporo- 
phores, all of which, as far as I have 
been able to observe, arc fertile and of 
equal height, and on each of these 
spicules a globose sporo is seated. It 
is clear that we have here a structure 
identical with that of the true Hy- 
menomycotes, a circumstance which 
accords well with the fleshy habit and 
mode of growth. There is nomo diffi- 
culty in ascertaining the exact ntruc- 

o.-~Bafl!<k and jpovos turc of tlie species just noticed, as 
of lycopcrdon. y le fnrit-bearing colls, or sporophores, 

are very small, and when the spiculcs are developed the substance 
becomes so flaccid that it is difficult to cut a proper slice, even 
with the sharpest lancet, I have, however, satisBod myself as 
to tho true structure by repeated observations. But should any 
difficulty arise in verifying it in tho species in question, there 
will bo none in doing BO in Lycopcrdon giganteum. In this 
species the fructifying masB consitB of tho sarnotunuous cavities, 
which are, however, Biualler, BO that tho substance is more com- 
pact, and I have not seen them traversed by any filaments- In 
an early stage of growth, tho surface of tho hymomum, that is of 
the walls of tho cavities, eonwiHts of shorfc threads composed of 
two or three articulations, which are slightly constricted at the 
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joints, from which, especially from the last, spring short "branch- 
lets, often consisting of a single cell. Sometimes two or more 
branchlets spring from the same point. Occasionally the threads 
are constricted without any dissepiments, the terminal articula- 
tions are obtuse, and soon swell very much, so as greatly to 
exceed in diameter those on which they are seated. When arrived 
at their full growth, they are somewhat obovate, and produce 
four spicules, which at length arc surmounted each with a glo- 
bose spore. When the spores are fully developed, the sporophores 
wither, and if a solution of iodine Tbe applied, which changes 
the spores to a rich brown, they will be seen still adhering by 
their spicules to the faded sporophores. The spores soon 
become free, but the spicule often still adheres to themj 
but they are not attached to the intermingled filaments. 
In jBovlsta plumbea, the spores have very long peduncles.* As 
in tho Hymenomycetes, the prevailing type of reproductive organs 
consisted of quaternary spores borne on spicules ; so in Gastero- 
myccteB) the prevailing type, in so far as it is yet known, is very 
similar, in somo cases nearly identical, consisting of a definite 
number of minute spores borne on spicules seated on basidia. 
In a very large number of genera, the minute structure and 
development of tho fructification (beyond the mature spores) 
is almost unknown, but from analogy it may b concluded that 
a method prevails in a large group like the Myxogastres which 
does not differ in essential particulars from that which is known 
to cxiat in other groups. The difficulties in the way of studying 
tho development of tho spores in this arc far greater than ia the 
previous order. 

MtxooASTMS. At one time that celebrated mycologist, Pro- 
fessor Do Bary, Boomed disposed to exclude this group from the 
vegetable* kingdom altogether, and relegate them to a companion- 
ship with amoeboid forms. Bat in more recent works he seems 
to have reconsidered, and almost, if not entirely, abandoned, 
that disposition. These fungi, mostly minute, are characterized 
in thoir early stages by thoir gelatinous nature. The substance 

* Berkeley, "On the Fructification of lycoperdon, &c.," in "Annala of 
Kttural Wtogy " (1840), iv. p. lfi& 



32 



FUNGI. 



of which they are then composed bears considerable resemblance 
to sarcode, and, did they never change from this, there might be 
some excuse for doubting as to their vegetable nature ; but as the 
species proceed towards maturity they lose their mucilaginous 
texture, and become a mass of spores, intermixed with threads, 
surrounded by a cellular peridmm, Take, for instance, the genus 
Tricliia^ and -we have in the matured specimens a somewhat 
globose pendium, not larger than a mustard seed, and some- 
times nearly of the same colour ; this ultimately ruptures and 
exposes a mass of minute yellow spherical spores, intermixed 
with threads of the same colour.* These threads, when bigldy 
magnified, exliibit in themselves a spiral arrangement, which 
has been the basis of some controversy, and in some species 
these threads arc externally spinulose. The chief controversy 






Fto. HO.- u, Thr&uta of Trakw. b. Portion further nuignifiod, with Bpores. c. For* 
tlon of ttfnmiloHo thread. 

on these threads hus been, whether tho spiral markings nro 
external or internal, whether caused by twisting of tho thread 
or by the presence of an external or Internal fibre* Tho npirol 
appearance has never been called in question, only the Btnusturo 
from whence it arises, and this, Hko the strife of diatoms, IB 
very much an open question, &lr. Curroy held that tlio npiral 

Trieliia et Aj?cyrl%'* w *An* des SL 
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appearance may be accounted for by supposing the existence 
of an accurate elevation in the wall of the cell, following a 
spiral direction from one end of the thread to the other. This 
supposition would, he thinks, accord well with the optical 
appearances, and it would account exactly for the undulations 
of outline to which be alludes. He states that he had in 
his possession a thread of Tricliia cfirysosperma, in which the 
spiral appearance was so manifestly caused by an elevation of 
this nature, in which it is so clear that no internal spiral fibre 
exists, that he did not think there could be a doubt in the mind 
of any person carefully examining it with a power of 500 
diameters that the cause of the spiral appearance was not a 
spiral fibre. In Arcyria, threads of a different kind are present; 




FIG, 11. Arcyria incarnata, with portion of threads and spore, magnified. 

they mostly branch and anastomose, and are externally furnished 
with prominent warts or spines, which Mr. Currey* holds are 
also arranged in a spiral manner around the threads. In other 
Myxogastres, threads are also present without any appreciable 
spiral markings or spines. In the mature condition of these 
fungi, they so clearly resemble, and have such close affinities 
with, the Triohogastres that one is led almost to doubt whether 
it was not on hasty grounds, without due examination or 
consideration, that proposals were made to remove them from 
the society of their kindred. 

Very little is known of the development of the spores in 
this group ; in the early stages the whole substance is so pnlpy, 
and in the latter so dusty, whilst the transition from one to 

* Currey, "Oa Spiral Tkreads of Trichia/' in "Quart. Jounu Micr. 
Science " (1855), ill p, 17. 
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the other is so rapid, that the relation between the spores and 
threads, and their mode of attachment, has never been definitely 
made out. It has been supposed that the splnulose projections 
from the capillitium in some species are the remains 
of pedicels from which the spores have fallen, but 
there is no evidence beyond this supposition in its 
favour, whilst on the other hand, in Stevionitis, for 
instance, there is a profuse interlacing capillitium, 
and no spines have been detected. In order to 
strengthen the supposition, spines should bo more 
commonly present. The threads, or capillitium, form 
a beautiful reticulated network in Stemojntw, Cnlra* 
ria 9 Diachaea, Dicfydiwn^ &e. In Spn^aria, Meticu- 
laria, Lycogala, Ac., they are almost obsolete.* In 
no group is the examination of the development of 
structure more difficult, for the reasons already 
alleged, than in the Myxogastres. 

NIDULAKIAOEL This small group departs in some 
important particulars from the general type of struc- 
fc ure p re g eil fc i n t,ho rest of the Gasieromycctcjs.f 
Tho plants hero Included may be described under three parts, 
the mycelium, the peri din m, and the sporangia, Tho mycelium 
is often plentiful, stout, rigid, interlacing, and 
coloured, running over the surface of tbo Hoil, or 
amongst the vegetable debris on which the fungi 
establish themselves, The peridia are seated upon 
this mycelium, and in most instances arc at length 
open abovo, taking the form of cups, or beakers. 
FIO is "Cathy* ^koso organs consist of three strata of tissue vary. 
vernieofius. ing in structure, the external being fibrous, and 
sometimes hairy, the interior cellular and delicate, tbe inter- 
mediate thick and at length tough, coriaceous, and resistant. 
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* la some of th$ genera, as, for instance, in Badhamify Enertfanema> and 
Jtowiwfona, the spores are produced within delicate cells or cyst*, which are 
afterwards absorbed. 

t Maaae, "Essai d'une Monographic d<*s Nidttlariles," m "Ana, de Scl 
Kat. (1844), i 41 and 64. 
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When first formed, the peridia are spherical, they then elongate 
and expand, the mouth being for some time closed by a veil, 
or diaphragm, which ultimately disappears. Within the cups 
lentil-shaped bodies are attached to the base and sides by elastic 
cords. These are the sporangia. Each of these has a com- 
plicated structure ; externally there is a filamentous tunic, 
composed of interlaced fibres, sometimes called the peridiole ; 
beneath this is the cortex, of compact homogenous structure, 
then follows a cellular thicker stratum, bearing, towards the 
centre of the sporangia, delicate branched threads, or sporo- 
phores, on which, at their extremities, 
the ovate spores are generated, some- 
times in pairs, but normally, it would 
seem that they are quaternary on spicules, 
the threads being true basidia, The whole 
structure is exceedingly interesting and 
peculiar, and may be studied in detail in 
Tulasnc's memoir on this group. 

SPIMBRONEMEI. In this very large and, 
within certain limits, variable order, there 
is but little of intei^est as regards struc- 
ture, which is not better illustrated else- 
where ; as, for instance, some sort of peri- ^ * V23S? 
thecium is always present, but this can pJwro. d, Hporas. 
bu bettor studied in the Bpli&riaeei. The spores are mostly very 
minute, borne on delicate sporophores, which originate from the 
inner surface of the perithecia, but the majority of so-called 
species are undoubtedly conditions of sphceriaceous fungi, either 
Bpermatogoxxia or pycnidia, and are of much more interest 
when studied in connection with the higher forms to which they 
belong* Probably tho number of complete and autonomous 
are very few. 

"Hero, again, are associated together a great 
number of what formerly were considered good species of fungi, 
but which arc now known to bo but conditions of other forms. 




* *! 



* Berkeley, M. J., "Introduction, Crypt. Bot." p. ! 
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One great point of distinction between these and the preceding 
is the absence of any true perithecinm, the spores being pro- 
duced in a kind of spurious receptacle, or from a sort of stroma. 
The spores are, as a rule, larger and much more attractive than 
in Spharonemei, and, in some instances, are either very fine, or 
very curious. Under this head we may mention the multi- 
septate spores of Coryneum; the tri-radiate spores of Aslero- 
sporium ; the curious crested spores of 
Pestalozzia ; the doubly crested spores of 
Dilophospora ; and the scarcely less sin- 
gular gelatinous coated spores of C/ieiro~ 
spora. In all cases the fructification is 
abundant, and the spores frequently ooze 
out in tendrils, or form a black mass 
above the spurious receptacle from which 
they issue.* 

orfw Hop- ToRUfcACEt. In this order there soems 
at first to be a considerable resemblance 
to the Dematiei, except that the threads arc almost obsolete, und 
the plant is reduced to chains of spores, without truce of peri the* 
cram, investing cuticle, or definite stroma. Sometimes tins spores 
are simple, in other cases septate, and in Sporockwna are at first 
produced in an investing cell. In most cases simple thread** 
at length become septate, and arc ultimately differentiated into 
spores, which separate t*fc the joints when fally mature. 

OJSOMAOBJI. Of far greater interest arc the Coniomycotous 
parasites on living plants. The present order includes those in 
which the spore t is reduced to a single coll ; and here wo may 
observe that, although many of them ai*o now proved to be 
imperfect in themselves, and only fornw or conditions of other 
fimgals, wo shall write of them bore without regard to their 
duality* These originate, for the nmst part, within tho tifumoB 
of living plants, and are developed outwards in puntuleH, which 
burst through the cuticle. The mycelium penetratea the inter* 

* BttkiUft M. 3., "Introduction, Crypt, Hot." p. S2& 
f In the C&macei and Puccinicei tko term " pauudoeporc ' would be much 
more accurate* 
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cellular passages, and may sometimes be found in parts of the 

plants where the fungus does not develop itself. There is no 

proper excipulum or peridium, and the spores spring direct 

from a more compacted portion of the mycelium, or from a 

cushion-like stroma of small cells. In 

LecytJiect, the sub-globose spores are at 

first generated at the tips of short 

pedicels, from which they are ulti- 

mately separated ; surrounding these 

spores arise a series of barren cells, 

or cysts, which are considerably larger FIG. i6.-B^en 

than the true spores, and colourless, spores of tw**- 

while the spores are of some shade of yellow or orange.* In 

TrichobasiSi the spores are of a similar character, sub-globose, 

and at first pedicellate ; but there are no surrounding cysts, and 

the colour is more usually brown, al- 

though sometimes yellow. In TJretdo, 

the spores are at first generated singly, 

within a mother cell ; they are globose, 

and either yellow or brown, without 

any pedicel. In Goleosporimn, there 

arc two kinds of spores, those of a 

pulverulent nature, globose, which are 

sometimes produced alone at the com- 

men cement of the season, and others pro. 17. Coieosporfum Tia&tagiKit, 

which originate as an elongated cell ; Lev * 

this becomes septate, and ultimately separates at the joints, 

During the greater part of the year, both kinds of spores are to 

lo found in the same pustule* In 

Melampsora, the winter spores are 

elongated and wedge-shaped, com- 

pacted together closely, and are only 

matured during winter on dead leaves ; 

the Hummer spores are pulverulent 

and globose, being, in fact, what were until recently regarded 





Fxa 1& Melamysora saHdiM. 



Bar la Disposition Mltbodiqae des Urtfinto," in "Arm. de* 
. Hut." (1847), vol. via. p. 369, 



88 FUNGI. 

as species of Lecytfiea. In Cystopus, tlie spores are sub-globose* 
or somewhat angular, generated in a moniliform manner, and 
afterwards separating at the joints. The tipper spore is always 
the oldest, continuous production of spores going on for some 
time at the base of the chain. Under favourable 
conditions of moisture, each of these spores, or 
comdia, as De Bary terms them, is capable of 
producing within itself a number of zoospores;* 
these ultimately burst the vesicle, move about by 
the aid of vibratile cilia, and at last settle down 
to germinate. Besides these, other reproductive 
bodies are generated upon the mycelium, within 
the tissues of the plant, in the form of globose 
oogonia, or resting spores, which, when mature, 
also enclose groat numbers of jsoospores. Similar 
oogonia are produced amongst the Muccdittes in 
the genus Pwonotyora, to which De Bary con* 
aiders Cysfopus to be closely allied. At all events, 
i9~ cyttopu* this is a peculiarity of structure and development 

catuhdus ^ ^ ^ mc ^ ^^ ^ an y o ^ er O f fc| 10 C&OMftCei. 

In Vromyces is the nearest approach to the Puccini&i ; in fact, 
it is fuccinia reduced to a single cell. The form of spore is 
usually movo angular and irregular than in Trichobasia, arid the 
pedicel in permanent* It may be remarked here, that of tho 
foregoing gimora, many of tlio wpecies tiro not autonomous that 
liavo hitherto been included amongst tlieia. This is especially 
true of Loeytken, Tricltobctsis, and, as it now appears, of 



!. This group di0ers from the foregoing chiefly in 
having septate spores. Tho pustules, or Bori, break tlirough 
the cuticle in a similar manner, and here also no truo peridium 
is present, Tn Xenodochm, the highest development of joints 
is reached, each spore being composed of an indefinite number, 
from ten to twenty colls. With it is asnoeiated an nmcdlular 

* DeBary, "Champignons Taimifcos," in " Am dcsSci. Nat" 4"*flfr. voL'xx. 
t Manne, H^moiresttrlesU^am<5es, to," i'* Ann, des Sol Nat/* 
Yd iL p* 78. 
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yellow Uredine, of which it is a condition. Probably, in every 

species of the Puccinim^ it may hereafter be proved, as it is 

now suspected, that an unicellular Uredine 

precedes or is associated with it, forming 

a condition, or secondary form of fruit 

of that species. Many instances of that 

kind have already been traced by De Bary ? * 

Tulasne, and others, and some have been a 

little too rashly surmised by their followers. 

In Phragmidium, the pedicel is much more 

elongated than in Xenodochus, and the spore 

is shorter, with fewer and a more definite 

number of cells for each species ; Mr. Currey 

is of opinion that each cell of the spore in 

Phragmidiim has an inner globose cell, FIG. 20 XenodocTiw* 

which he caused to escape by rupture of the bonanwa. 

outer cell wall as a sphoeroid nucleus,t leading to the inference 

that each cell has its own individual power of germination and 

reproduction. In Tripliraginium, there are 

three cells for each spore, two being placed 

side by side, and one superimposed. In one 

species, however, Tripliragmiwm, deglubens 

(North American), the cells are arranged as 

in Phragmidiwn, so that this represents really 

a tricollular Phraymidiim, linking the pre- 
sent with the latter genus. In Pmdnia, 

the number of species is by far the most 

numerous ; in this genus the spores are um- 

scptato, and, as in all the Pueciiiicei, tlie 

peduncles are permanent. There is great 

variability in the compactness of the spores 

in the Bori, or pulviiiules. In some species, 

the sori are so pulverulent that the spores 

arc as readily dispersed as in the TJredines, 

in others they are so compact as to be separated from each 

* De Bary, " Uehcr die Braiulpilze," Berlin, 1853, 
* f Currey, in " Quart. Journ, Micr. Sei." (1857), vol. v. p. 119, pi. 8, fig. 13. 
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other with great difficulty. As might be anticipated, this 1m 
considerable effect on the contour of the spores, which in pul- 
verulent species are shorter, broader, and more ovate than in 
the compact species. If a section of one of 
the more compact sori be made, it will be 
seen that tbe majority of the spores are side 
by side, ncai'ly at the same level, their apices 
forming the external surface of the sori, but 
it will not be unusual to observe smaller 
and younger spores pushing up from the 
FIQ 22 ~ pseudo&porcs hymenial cells, between the peduncles of 
of Puccua. t ] ie c ^ er g p Ores? l ca ding to the inference 
that there is a succession of spores produced in the same pulvi- 
nule. In Podlsoma, a rather anomalous genus, the septate npores 
are immersed in a, gelatinous stratum, and some authors have 
imagined that they have an affinity with the Tromellini, but 
this affinity in more apparent than real. The phenomena of 
germination, and their relations to Hossieliff^ if substantiated, 
establish their claim to a position amongst the PttGcinlceL* It 
seems to us that Qtjmno$pQrangium docs not differ goner icetlly 
from Podisoma* In a reccntly-characteri/ed species, Podlswna 
Ellisiit tho spores arc bi-tri septate. Thin 11=5, moreover, peculiar 
from the groat deiioiency in the gelatinous clement. In another 
North American species, called Qymno$pora<nyium Ha^tatum^ 
Ellis, which is distinctly gelatinous, there are similar binoptato 
spores, bat they are considerably broader and moz*o obtuse. In 
other described Hpocieu they aro uutiseptate* 

UsTrLAGrNKL Theyo fungi aro now usually treated as rliwtinct 
from tho Cfipomaeei, to which they are closely related.f They 
aro also parasitic on growing plants, but the apores aro usually 
black or Booty, and never yellow or oi'ange j on. an average much 
smaller than in the G&mmd. In Ttlfafia, the spores aro 
spherical and reticulated, mixed with delicate threads, from 

* Cooke, "On Podfooma," m "Journal of Quekott Microscopical Club," vol H. 
p* 255. 

t Waitne, " M^moire m*r Iw HHtilagiiUSwy 1 ' in " Ann. do Sci. Nat.*' (1847), 
ru* pp. 12 and 73* 
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whence they spring. In the best known species, Tilletia caries, 
they constitute the " bunt " of wheat. The peculiarities of 
germination will be alluded to hereafter. In Ustila.yo, the 
minute sooty spores are developed either on delicate threads 
or in compacted cells, arising first from a sort of semi-gelati- 
nous, grumous stroma. It is very difficult to detect any threads 
associated with the spores. The species attack the flowers and 
anthers of composite and polygonaceous plants, the leaves, 
culms, and germen of grasses, <fec., and are popularly known as 
" smuts." In TTrocystis and Thecapliora, the spores are united 
together into sub-globose bodies, form- 
ing a kind of compound spore. In 
some species of Urocystis, the union 
which subsists between them is com- 
paratively slight. In Tliecapliora, on 
the contrary, the complex spore, or 
agglomeration of spores, is compact, FlG 28. r 
being at first apparently enclosed in a delicate cyst. In Tubur- 
cinia, the minute cells arc compacted into a hollow sphere, 
having lacunaa communicating with the interior, and often exhi- 
biting the remains of a pedicel. 

JBciDtACRT. This group differs from the foregoing three 
groups prominently in the presence of a cellular peridium, which 
encloses the spores j hence sonio mycologists have not hesitated 
to propose their association with the 
Gastorornycetes, although every other 
feature in their structure seems to 
indicate a close affinity with tho 
Q&om&M%. The pretty cups in the 
genus Jftcidiwm are sometimes scat- 
tered and sometimes collected in olus- 
tors, cither with spermogonia in the centre or on the opposite 
surface, Tho cupa are usually white, composed of regularly 
arranged bordered cells at length bursting at the apex, with the 
margins turned back and split into radiating teeth. The spores 
arc commonly of a bright orange or golden yellow, sometimes 
white or brownish, and aro produced in chains, or moxulifonn 
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strings, slightly attached to each other,* and breaking off at the 
summit at the same time that they continue to be produced at 
the base, so that for some time there is a successive production 
of spores. The spermogoma are not always readily detected, as 
they are much smaller than the peridia, and sometimes precede 
them. The spermatia are expelled from the lacerated and 
fringed apices, and are very minute and colourless. Tn Roestelia 
the peridia are large, growing in company, and splitting longi- 
tudinally in many cases, or by a lacerated mouth. In most in- 
stances, tho spores are brownish, but in a splendid species from 
ISTorth America (Jtcestelia aurantiaca, Peck), recently charac- 
terized, they are of a bright orange. If (Brsted is correct in 
his observations, which await confirmation, these species are all 
related to species of Podisoma. as a secondary form of fruit.f 
In the Hwfitelict of the pear-tree, as well as in that of tho moun- 
tain ash, the sperm ogonia will be found cither in separate tufts 
on discoloured spots, or associated with tho Rwstfilia* In Pcri- 
ckrmium there is veiy little structural diilbrouco from B&sfclia, 
and tho species arc all found on coniferous trees* In JSndo* 
pligllum, tho poriclia are immersed in tho succulent substance of 
tho matrix ; whilst in Grc^Jtiola^ there is a tougher and withal 
double peri diara, the inner of which form a tuft of erect threads 
resembling a small brush. J 

HYPHQMYCETES, The predominant feature in tho structure of 
this order has already been intimated to couHi'sl in tho develop- 
ment of tho vegetative system under the form of simple or 
branched threads, ou which the frnii in generated* The common 
name of mould IB applied to them perhaps more generally than 
to other groups, although the term IB too vaguo, and haa been 
too vaguely applied to bo of much service in giving an idea of 
tho characteristic** of this order. Leaving the smaller groups, 
and confining ourselves to tho Dmnatiei and tho Mucedines, wo 

* Cot-da, " Tconos Fu^orum,'* vol. ill fig. 40, 

t Cooko, " On Podtaftma/' in " Qtiekott Journal/* vol. il p, 255, 

| It may fco a question winter (twyifMn is not more nearly allied to 

Trtefo&ttna (Jungb FL Crypt. Javty, j>, 10, 1 7} tliau to the genera with 

it 10 usually aviated, ~M. J, B, 
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shall obtain some notion of the prevalent structure. In the 

former the threads are more or less carbonized, in the latter 

nearly colourless. One of the largest genera in Dematiei is 

Helmintliosporiim. It appears on decaying herbaceous plants, 

and on old wood, forming effused black velvety patches The 

mycelium, of coloured jointed threads, overlays and penetrates the 

matrix ; from this arise erect, rigid, and usually jointed threads, 

of a dark brown, nearly black colour 

at the base, but paler towards the 

apex. In most cases these threads 

have an externally cortical layer, 

which imparts rigidity ; usually from 

the apex, but sometimes laterally, the 

spores are produced. Although some- 

times colourless, these are most com- 

monly of some shade of brown, more 

or less elongated, and divided trans- 

versely by few or many septa. In 

HelmintJiosporium Smitliii^ the spores 

much exceed the dimensions of the 

thi'eads ; * in other species they are 

smaller. In Dendryyliium, the threads 

and spores are very similar, except 

that the threads are branched at their 

apox, and the spores are often pro- 

duced one at the end of another in a 

short chain.t In Septosporium again, 

the threads and spores are similar, but 

the spores are pedicellate, and at- 

tached at or near the base ; whilst in 

Awotlieeiim) with similar threads and spores, the latter 

clustered together at the apox of the threads. In Triposporium^ 

the threads arc similar, but the spores are tri-radiate ; and in 

ffldicoma, the spores ai*o twisted spirally. Thus, we might pass 

* Coofce, **0n Microscopic MouldV in "Quekett Journal,*' vol. ii, plate 7. 
f Set " DtwdrypMum Fumosum," ia "Quckett Journal," vol. ii, plate 8j or, 
** Corda PwwUtfioia/* plate 22. 
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through all the genera to illustrate this chief feature of coloured, 
septate, rather rigid, and mostly erect threads, bearing at some 

point spores, which in most in- 
stances are elongated, coloured, 
and septate. 

MUCBDINES. Here, on the other 
hand, the threads, if coloured t 
all, are still delicate, more flexuous, 
with much thinner walls, and never 
invested with an external cortical 
layer. One of the most important 
and highly developed genera is 
Pcronosyora, the members of which 
2*. -AL,uthtn'tuni wilier. arc parasitic upon and destructive 
of living vegetables. It is to this genus that the mould of the 
too famous potato disease belongs. Professor De Baiy has clone 
more than any other mycologlst in the investigation awl eluci- 
dation of this genus ; and hin mono- 
graph is a masterpiece in its way.* 
II e was, however, preceded by Mr. 
Berkeley, and more especially by Dr. 
Montagno, by many years in eluci- 
dation of the structure of the flocci 
and conitlia in a number of fipecioa.f 
In this genus, there ia a delicate 
my celi am, which penetrates the in- 
tercellular pannages of living plantn, 
giving rim to erect branched 
threads, which boar at Iho tips of 
their ultimate ramuli, nub-globose, 
ovate, or elliptic nporcn, or, as Do 
Deeply Boated on the mycelium, 
"mthm tho Hnbstonco of tho foster plant, other reproductive 
bodies, called oogonia, originate* These arc spherical, more or 

* De Bary,"Cfaamj%nons Parasites," m "Axm. des Sei, Nat,'* 4 a&r, vol. xx. 
f Bwketey, "On the Bofcafco Momm," m " Joura. of Hort. Soc, 
Tol L (1846), p f 0, 
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less warted and brownish, the contents of which become dif- 
ferentiated into vivacious zoospores, capable, when expelled, of 
moving in water by the aid of vibratile cilia. A similar struc- 
ture has already been indicated in CystopuSy otherwise it is rare 
in fungi, if the Baprolegniei be excluded. In Botrytis and in 
PolyaGtis, the flocci and spores are similar, but the branches of 
the threads are shorter and more compact, and the septa are 
more common and numerous ; the oogonia also are absent. De 
Bary has selected Polyactis cinerea, as it occurs on dead vine 
leaves, to illustrate his views of the dual- 
ism which he believes himself to have 
discovered in this species. " It spreads 
its mycelium in the tissue which is becom- 
ing brown," he writes, " and this shows 
at first essentially the same construc- 
tion and growth as that of the mycelium 
filaments of Aspergillus" On the my- 
celium soon appear, besides those which 
are spread over the tissue of the leaves, 
strong, thick, mostly fasciculate branches, 
which stand close to one another, break- 
ing forth from the leaf and rising up per- 
pendicularly, the conidia-bearers. They 
grow about 1 mm. long, divide them- 
selves, by successively rising partitions, 
into some prominent cylindrical linked 
celln, and then their growth is ended, 
and the upper cell produces near its 
point three to six branches almost stand- 
ing rectangularly. Of these the under 
ones are the longest, and they again shoot forth from under 
their ends one or more still shorter little branches. The 
nearer they arc to the top, the shorter are the branches, and' 
less divided ; the upper ones are quite branchless, and their 
length scarcely exceeds the breadth of the principal stem. Thus 
a system of branches appears, upon which, on a small scale, a 
bunch of grapes is represented. All the twigs soon end their- 




FIG. 28 Polyactw cinerea, 
a Apex of hypha. 
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growth ; they all separate their inner space from the principal 
stem, by means of a cross partition placed close to it. All the 
ends, and also that of the principal stem, swell about the same 
timo something like a bladder, and on the upper free half of 
each swelling appear again, simultaneously, several fine pro- 
tuberances, close together, which quickly grow to little oval 
bladders filled with protoplasm, and resting on their bearers 
with a sub-sessile, pedicellate, narrow basis, and which at length 
separate themselves through a partition as in Asperyillus. The 
detached cells are the conidia of our fungus ; only one is formed 
on each stalk. When the formation is completed in the whole 
of the panicle, the little branches which compose it are de- 
prived of their protoplasm in favour of the conidia ; it is the 
same with the under end of tho principal stem, the limits of 
which are marked by a cross partition, Tho delicate wall of 
those parts shrinks up until it is unrecognizable ; all the conidia 
of tho panicle approach one another to form an irregular grape- 
Hko bunch, which rests loosely on the bearer, and from which 
it caily falls away as dust* If they be brought into water they 
fall of!' immediately; only the empty, shrivelled, delicate skins 
arc to bo found on tho branch winch bore them, and tho places 
on which they arc fixed to the principal stem clearly appear as 
round circumscribed liilums, generally rather arched towards 
the exterior. Tho development of the main stem is not ended 
here. It remains solid and filled with protoplawm as far as the 
portion which forms the end through its conidia. Its end, 
which is to bo found among these pieces, becomes pointed after 
the ripening of the first panicle, pushes the end of the shrivelled 
member on one Bide, and grows to tho same length as the 
height of oue or two panicles, and then remains still, to form a 
second panicle similar to the first, This is later equally per- 
foliated as tho first, then a third follows, and thus a large 
number of panicles are produced after and over one another on 
the same stem. In perfect specimens* every perfoliated panicle 
hangs loosely to its original place on tho surface of tho stem, 
until by shaking or tho access of water to it, it falls immediately 
into tfae single conidia, or tho remains of branches, and tho 
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already-mentioned oval hilums are left behind. Naturally, the 
stem becomes longer by every perfoliation ; in luxuriant speci- 
mens the length can reach that of some lines. Its partition is 
already, by the ripening of the first panicle from the beginning 
of its foundation, strong and brown ; it is only colourless at the 
end which is extending, and in all new formations. During all 
these changes the filament remains either unbranched, except 
as regards the transient panicles, or it sends out here and there, 
at the per foliated spots, especially from the lower ones, one 
or two strong branches, standing opposite one another and 
resembling the principal stem. 

The mycelium, which grows so exuberantly in the leaf, often 
brings forth many other productions, which are called sclerotia, 
and are, according to their nature, a thick bulbous tissue of 
mycelium filaments. Their formation begins with the "profuse 
ramification of the mycelium threads in some place or other; 
generally, but not always, in the veins of the leaf; the inter- 
twining twigs form an uninterrupted cavity, in which is often 
enclosed the shrivelling tissue of the leaf. The whole body 
swells to a greater thickness than that of the leaf, and protrudes 
on tho surface like a thickened spot. Its form varies from 
circular to fusiform; its size is also very unequal, ranging 
between a few lines and about half a millimetre in its largest 
diameter. At first it is colourless, but afterwards its outer 
layers of colls become round, of a brown or black colour, and it 
is surrounded by a black rind, consisting of round cells, which 
separate it from the neighbouring tissue. The tissue within the 
rind remains colourless ; it is an entangled uninterrupted tissue 
of fungus filaments, which gradually obtain very solid, hard, 
cartilaginous coats. Tho sclerotium, which ripens as the rind 
becomes black, loosens itsolf easily from the place of its forma- 
tion, and remains preserved after the latter is decayed. 

The sclcrotia are, here as in many other fungi, biennial 
organs, designed to begin a new vegetation after a state of 
apparent quietude, and to send forth special fruit-bearers. They 
may in this respect be compared to the bulbs and perennial 
roots of under shrubs* Tho usual time for the development of 
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the sclerotia is late in the autumn, after the fall of the vine 
leaves. As long as the frost does not set in, new ones continu- 
ally spring up, and each one attains to ripeness in a few days. 
If frost appears, it can lie dry a whole year, without losing 
its power of development. This latter commences when the 
sclerotium is brought into contact with damp ground during 
the usual temperature of our warmer seasons. If this occur 
soon, at the latest some weeks after it is ripe, new vegetation 
grows very quickly, generally after a few days ; in several parts 
the colourless filaments of the inner tissue begin to send out 
clusters of strong branches, which, breaking through the black 
rind, stretch themselves up perpendicularly towards the surface, 
separate from one another, and then take 
all the characteristics of the conidia-bearers. 
Many such clusters can bo produced on one 
sclerotium, so that soon the greater part of 
the surface is covered by filamentous conidia- 
bearers with their panicles. The colourless 
tissue of the sclerotium disappears in the 
same degree as the conidia-bearcrs grow, 
and at last the black rind remains behind 
empty nncl shrivelled. If wo bring, after 
many months, for the first time, the ripe 
sclerotium, in clamp ground, in summer or 
autumn, after it has ripened, the further 
development takes place more slowly, and 
in an essentially different form. It is true 
that from the inner tissue numerous fila- 
m en tons branches shoot forth at the cost of this growing 
fascicle, and break through the black rind, but its filaments 
remain strongly bound, in an almost parallel situation, to a 
cylindrical cord, which for a time lengthens itself and spreads 
out its freo end to a flat plate-like disc. This is always formed 
of strongly united threads, ramifications of the cylindrical cord* 
On the free upper surface of the disc, the filaments shoot forth 
innumerable branches, which, growing to the satno height, thick 
and parallel with on another, cover the before-named disc. 
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Some remain narrow and cylindrical, are very numerous, ancl 
produce fine hairs (paraphyses) ; others, also very numerous, take 
the form of club-like ampulla cells, and each, one forms in its 
interior eight free swimming oval spores. Those ampulla colls 
are sporidhferous asci. After the spores have become ripe, the 
free point of the utricle bursts, and the spores are scattered to a 
great distance by a mechanism which we will not here further 
describe. New ampullas push themselves between those which 
are ripening and withering ; a disc can, under favourable circum- 
stances, always form new asci for weeks at a time. The num- 
ber of the already described utricle-bearers is different, accord- 
ing to the size of the sclerotium ; smaller specimens usually 
produce only one, larger two to four. The size is regulated 
by that of the sclerotia, and ranges, in full-grown specimens, 
between one and more millimetres for the length of the stalk, 
and a half to three (seldom more) millimetres for the breadth of 
the disc.* For some time the conidia form, belonging to the 
Mucedines, has been known as Botrytis cinerea (or Polyaetis 
cinerea). The compact mycelium, or sclerotium, as an im- 
perfect fungus, bore the name of Sclerotium ecMnatum, whilst to 
the perfect and cup-like form has been given the name of Peziza 
Euc'keliana. "We have reproduced De Bary's life-history of this 
mould here, as an illustration of structure in the Muoedines, but 
hereafter we shall have to write of similar transformations when 
treating of polymorphism. 

The form of the threads, and the form and disposition of the 
spores, vary according to the genera of which this order is com- 
posed. In Qidiwn the mostly simple threads break up into 
joints. Many of the former species are now recognized as con- 
ditions of JUri/siphe* In Aspertjillus^ the threads are simple and 
erect, with a globose head, around which are clustered chains of 
simple spores, In PeniciUium, the lower portion of the threads is 
simple, but they are shortly branched at the apex, the branches 
being terminated by necklaces of minute spores. 



* Pe Bary, " On Mildew and Fermentation," p 20, reprinted from " Gterman 
Quarterly Magazine," 1872; Be Bary, " Morphologie tmd Physiologic dor 
Pike," (1866), 201 
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the tlircads are branched, but the spores are collected in clusters 
usually, and are moreover septate, In other genera similar 
distinctions prevail. These two groups of black moulds and 
white moulds are tlie noblest, and contain 
the largest number of genera and species 
amongst the Hyplwmycetes There is, how- 
ever, the small group of Xsariacci, iu which. 
the threads are compacted, and a semblance 
of such by menomy octal forms as Olavaria 
and Pferula is the result, bat it is doubtful 
if this group contains many autonomous 
species. In another small group, the Slil- 
lacei, there is a composite character in the 
head, or receptacle,* and in the stem when 
the latter is present. Many of these, ngain, 
as Tulrrculttrity VoliUallft^ Fusariwn, &c., 
contain doubtful species. In Mepudoniei and 
- TrMioftcrflMcpLthQ threads arc reduced to a 

* * ... i. 

minimum, atin the spores are such a dis- 
tinctive element that through these groups the IfypJiomycetes 
uro linked with the Ooniomi/retfis, These groups, however, are not 
of HufHcient fcisse or importance to demand from UK, m a work of 
thia character, anything more than the passing allusion which 
wo have give a to them, 

We como now to consider the structure in the Sporidiifora, in 
which the fructifying corpuscles or germs, whether called spores 
or Hpnridia, are generated within certain privileged cystn, usually 
in definite irainhom In HyBtematie works, thoKO are included 
umlur two orders, tho PhyiwmycetM and iho A8comycet&. The 
fonnor of those oemRinte of oyaf^boariug Tuoulds, and from their 
nearoBt affinity to the foregoing will occupy the first place* 

PHYBQMYOKTBS include, especially amongst tho Mitwrini, many 
most interesting and instructive species for study, whieh even 
very lately have occupied the attention of continental niycolo- 
gisiis. Most of thoHo phenomena are associated more or Ies 
with reproduction, and as such will have to bo adverted to agaic, 
* Cooke, "Mwnlbook of BHtih Fangi,** yol. il* p. 552* 
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form particular, often tun-like or globular cells ; the longer ones 
are changed, through the formation of cross partitions, into 
chains of similar cells ; the latter often attain by degrees strong, 
thick walls, and their greasy contents often pass into innumerable 
drops of a very regular globular form and of equal size. Similai 
appearances show themselves after the sowing of spores, which 
are capable of germinating in the medium already described, 
from which the air is excluded. Either short germinating 
utricles shoot forth, which soon form themselves into rows of 
gommules, or the spores swell to large round bladders filled 
with protoplasm, and shoot forth on various parts of their 
surface innumerable protuberances, which, fixing themselves 
with a narrow basis, soon become round vesiculate cells, and on 
which the same sprouts which caused their production are re- 
peated, formations which remind us of the fungus of fermenta- 
tion called globular yoast. Among all the known forms of 
gemmulcs we find a variety which are intermediate, all of which 
show, when brought into a normal condition of development, 
the same proportion, and the same germination, as those we first 
described. 

We have detailed rather at length the structure and develop- 
ment of one of the most common of the Mucors, which will 
servo as an illustration of the order. Other distinctions there 
may be which arc of more interest as defining the limits of 
genera, except such as may be noticed when we come to write 
more specially of reproduction. 

AflCOMYGETES, Passing now to the Ascomycetes, which are 
especially rich in genera and species, we must first, and but super- 
ficially, allude to Twleracei, an order of sporidiiferous fungi of 
subterranean habit, and rather peculiar structure** In this order 
an external stratum of cells forms a kind of perithecium, wiich 
is more or less developed in different genera. This encloses the 
hymoTuum, which is sinuous, contorted, and twisted, often forming 
lacnnea. The hymetdum in some genera consists of elongated, 
nearly cylindrical asci, enclosing a definite number of sporidia ; 
in the true truffles and their immediate allies, the asci are broad 
* Vittadiai, Moaographia Tuberacearum," 1831. 
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sacs, containing very large and beautiful, often coloured, sporidia. 
These latter have either a smooth, warted, spinulose, or lacunose 
epispore, and, as will be seen from the figures in Tulasne's 
Monograph, * or those in the last volume of Corda's great work,f 
are attractive microscopical objects. In some cases, it is not 
difficult to detect paraphyses, but in others they would seem to 
be entirely absent, A comparatively largo number have been 
discovered and recorded in Great Britain,]; but of these none 
are more suitable for study of general structure than the ordi- 
nary truffle of the markets. 

Tho structure of the remaining Ascomycctes can be studied 
under two groups, i.e., the fleshy Ascomycetes, or, as they have 
been termed, the Discomycetes, and the hard,or carbonaceous A sco- 
my cotes, sometimes called the Pyrenomycctes. Neither of these 
names gives au accurate idea of tlic distinctions between the two 
groups, in the former of which the discoid form is not universal, 
and the latter contains somewhat fleshy forms. But in tho Dis- 
comycotcB the hymcnium soon becomes more or less exposed, 
and in tho latter it is enclosed in a perithcciumu The Disco my- 
cotes aro of two kiwln, the pileato and the cup-shaped- Of the 
pileato such a genus as Gijromitra or Hal Delia is, in a certain 
acmse, analogous to tho Agarics amongst Jlywenomycetes, with a 
superior instead of an inferior hymenium, and enclosed, not 
naked, spores. Again, Gwglossum is somewhat analogous to 
Clavaria, Amongst the cup-shaped, Pesiza is an Ascomycetous 
CypheMa, But tlicso ara perhaps moro fanciful than real 
analogies. 

Recently Bouclior has examined one group of tho cup-shaped 
Difleomyeetefy tho A^coMei^ uncl, by making a somewhat free use 
of Inn Memoir, wo may arrive at a general idea of tlio struc- 
ture in the cupulato DiHComycotofi. They present themselves at 

* Tulasne, " Fungi Hypogixii," 1851. 

f (Ma, " Iconen Fungorum," vol. vi. 

$ Berkeley and Broomo, in " Ann* of Nat. Hist,'* 1st set. vol. mil (1846), 
#. 73 ; Oooke, in "Swjw. Journ. Hot." 

g BwtHer (&} "Mfaurirosur las Afieobolfo," in "Ann. dos Sci. Nat," 5 
^r. voU x (1800), 
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iirst under tlie form of a small rounded globule, and almost 
entirely cellular. This small globule, the commencement 
of the receptacle, is not long in increasing, preserving its 
rounded form up to the development of the asci. At this 
period, under the influence of the rapid growth of these organs, 
it soon produces at its summit a fissure of the external mem- 
brane, which becomes a more marked depression in the mar- 
ginate species. The receptacle thus formed increases rapidly, 
becomes plane, more convex, or more or less undulated at the 
margin, if at all of large size. Fixed to the place where it is 
generated by some more or less abundant mycelioid filaments, the 
receptacle becomes somewhat cup-shaped and either stipitate or 
sessile, composed of the receptacle proper and the hymenium. 

The receptacle proper comprehends the subhymenial tissue, 
the parenchyma, and the external membrane. The subhymenial 




Fro. 33.-Scction of cup of Ascobolus. a. External colls, b. Secondary layer. <?. fiub- 
fcyracnial tissue (Janczonski). 

tissue is composed of small compact cells, forming generally 
a more coloured and dense stratum, the superior cells of which 
give rise to the asci and paraphyses. The parenchyma is seated 
beneath this, and is generally of interlaced, filaments, of a looser 
consistency than the preceding, united by intermediate cellules. 
The external membrane, which envelopes the parenchyma, and 
limits tho hymenium, differs from the preceding by the cells 
often being polyliedric, sometimes transverse, and united to- 
gether, and sometimes separable. Externally it is sometimes 
j and sometimes granular or hairy. 
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The hymenriim is, however, the most important part, con- 
sisting of (1) the paraphyses, (2) the asci, and sometimes (3) 
an investing mucilage. The asci are always present, the para- 
physes are sometimes rare, and the mucilage in many cases 
jiocrns to be entirely wanting. 

The paraphyses, which are formed at the first commencement 
of the receptacle, are at first very short, but soon elongate, and 
become wholly developed before the appearance of the asci. 
They are linear, sometimes branched and sometimes simple, 
often more or less thickened at their tips ; almost always they 
contain within them some oleaginous granules, either coloured or 
colourless. Their special function seems still somewhat obscure, 
and Boudier suggests that they may bo excitatory organs for 
tho dchi sconce of tho asci. However this may be, some mycolo- 
gists arc of opinion that, at least In some of the Ascomy cotes, 
the paraphysos arc abortive asci, or, at nriy rate, that abortive 
and mixed with the pantpliyscs cannot be distinguished from 
them. 

Tho mucilage forms itsolf almost at tho same time as the 
patuphyKOti, and previous to tho formation of tho asci* This 
Bubstauco appears a& a colourless or yellowish mucilage, which 
envelopes tho paraphyses ami usei, and ao covers tho hymenium 
with a si i hi ing coat. 

The asei appear first at the baao of tho paraphyses, under the 
form of oblong cell**, filled with colourless protoplasm, By rapid 
growth, they Boon attain a considerable frize and fulness, the 
protoplasm being gradually absorbed by tho nporidia, tho first 
indication of which is always tho central nucleus. The mucilage 
also partly diHappoars, and tho uwci, attaining their maturity, 
become quite distinct, ouch enclosing its flpondia. But before 
they take their 'complete growth they detach them solves from 
tho sttbhymtmial tissue, and being attenuated towards their base* 
are forced upwards by preHH&ro of the younger asei, to, and in 
some instances Ixiyoml, the tipper surface of tho disc. Thia 
phenomenon commences during tho night, and continues during 
the flight and all the morning. It attains its height at mid-day, 
and it ia then that tho slightest breath of air, the slightest 
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movement, suffices to cause dehiscence, which is generally 
followed by a scarcely perceptible contractile motion of the 
receptacle. 

There is manifestly a succession in formation and maturity of 
the asci in a receptacle. In the true Ascobolei, in which the 
sporidia are coloured, this may be more dis- 
tinctly seen. At first some thin projecting 
points appear upon the disc, the next day 
they are more numerous, and become more 
and more so on following days, so as to 
render the disc almost covered with raised 
black or crystalline points;* these after- 
wards diminish day by day, until they ulti- 
mately cease. The asci, after separation 
from the subhymenial tissue, continue to 
lengthen, or it may be that their elasticity 
permits of extension during expulsion. 
Boudier considers that an amount of elas- 
ticity is certain, because he has seen an 
ascus arrive at maturity, eject its spores, 
and then make a sharp and considerable 
movement of retraction, then the ascus re- 
turned again immediately towards its pre- 
vious limits, always with a reduction in the 
number of its contained sporidia. 

The dehiscence of the asci takes place in 
the Ascobolei, in some species of Pezfaa, 
JHcrchellaj Hehella^ and Verpa, by means 
of an apical operculum, and in other Peziza, 
Rdotiwfi, Qeoglossum, Leotia, Mtrula, &o., 
by a fissure of the ascus. This operculum bolu * 
niuy be the more readily seen when the ascus is coloured by a 
drop of tincture of iodine. 

The sporidia are usually four or eight, or some multiple of 
that number, in each ascus, rarely four, most commonly eight. 
At a fixed time the protoplasm, which at first filled the asci, dis 
* Oaly in some of the Biscomyeetes are the asci exserted. 
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appears or Is absorbed in a mucilaginous matter, winch occupies 
its place, in the midst of which is a small nucleus, which is tho 
rudiment of the first spore; other spores are formed consecutively, 
and then the substance separates into as many sections as there 
are sporidia. From this period each sporidium seems to have a 
separate existence. All have a nucleus, which is scarcely visible, 
often slightly granular, but which is quite distinct from the 
oleaginous sporidioles so frequent amongst tho Discomycetes, 
and which are sometimes called by the same name. The spori- 
dia are at first a little smaller tLaii when mature, and are sur- 
rounded by mucilage. After this period the sporidia lose their 
nebulous granulations, whilst still preserving their nucleus ; their 
outlines are distinct, and, amongst the true Ascobolei, commence 
acquiring a rosy colour, tho first intimation of maturity. This 
colour manifests itself rapidly, accumulating exclusively upon 
the epispore, which becomes of a deep rose, then violet, and 
finally violet blue, so deep as sometimes to appear quite black. 
There are some modifications in this coloration, since, in some 
species, it passes from a vinous red to grey, then to black, or 
from rose-violet to brown. 

The epispore acquires a waxy consistence by this pigmenta- 
tion, so that it may be detached in granules. It is to this parti- 
cular consistency of tho opisporo that tho cracks so frequent in 
the coloured sporidia of Ascololus arc due, through contraction 
of the opispore. As they approach maturity, tho sporidia accu- 
mulate towards the apex of the asci, and finally escape in tho 
manner already indicated. 

In all essential particulars there is a great similarity in. the 
structure of the other Discomycetes, especially in their reproduc- 
tive system. In most of them coloured sporidia are rare. In 
some the receptacle is piloate, clavato, or inflated, whilst in 
it is very much reduced, aad in. the lowest form of all, 
j it is entirely absent. In the Pfracidiacei, the struc- 
ture is very similar to that of the JiJlvettacei, whilst the Hyste- 
riacei, with greater affinities with the latter, still tend towards 
tie Pyrenvmyoetes by the more horny nature of tho receptacle, 
the greater tendency of the hymeniura to remain closed, at 
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least when dry. In some species of 'H.ystermm^ the sporidia are 
remarkably fine. M. Duby* has subjected this group to ex- 
amination, and M. Tnlasne partly so.f 

SPHJIEIACEI. In this group there is considerable variation, 
within certain limits. It contains an immense number 01 
species, and these are daily being augmented. The general 
feature in all is the presence of a perithecium, which contains 
and encloses the hymenium, and at length opening by a pore 
or ostiolum at the apex. In some the perithecia are simple, in 
others compound ; in some immersed in a stroma, in others 
free ; in some fleshy or waxy, in others carbonaceous, and in 
others membranaceous. But in all there is this important dif- 
ference from the Ascomycetes we have already had under con- 
sideration, that the hymenium is never exposed. The perithe- 
cium consists usually of an external 
layer of cellular structure, which is 
either smooth or hairy, usually black- 
ish, and an internal stratum of less 
compact colls, which give rise to the 




PIG 35. Peritheeium of Sphtna, 

As in the Discomyeetes, the hyme- and Sectlon 

nium consists of asci, paraphyses, and mucilage, but the whole 
forms a less compact and more gelatinous mass within the peri- 
thecium. The formation and growth of the asci and sporidia 
differ little from what we have described, and when mature the 
asci dehisce, and the sporidia alone are ejected from the ostiolum, 
We are not aware that operculate asci have yet been detectedr 
It has been shown in some instances, and suspected in others^ 
that certain moulds, formerly classed with Mucedines and Dema- 
twi> especially in the genus Helminthosporium, bear the conidia 
of species of SjpJiaria, so that this may be regarded as one form 
of fruit, 

Perithecia, very similar externally to those of Spk<Bria^ but 
containing spores borne on slender pedicels and not enclosed in 
asci, have had their relations to certain species of SpJi&ria indir 

* Duby, "M&oire sur la Tribu des Hysterics," 1861. 
f Masne, ** Selecta Fungomm Carpologia," vol. iii. 
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catecl, and these are no longer regarded so much as species of 
Hendersonia or Diplodia as the pycnidia of SpJusria. Other and 
more minute perithecia, containing minute, slender stylospores in 
great numbers, formerly classed with ApospJiceria, Phoma, &c., but 
arc now recognized us spermogonia containing the spermatia of 
SpJi&rir?. How these influence each other, when and under 
what circumstances the spermatia are instrumental in impregna- 
tion of the sporidia, is still matter of mystery. It is clear, how- 
ever, tli at in all these conidia, macrospores, microspores, and 
some spermatia, or by whatever names they may be called, there 
exists a power of germination. Tulasne has indicated in some 
instances fire or six forms of fruit as belonging to one fungus, 
of which tho highest and most perfect condition is a species of 




PEKISPOIUACLL Except in the peritheoia rupturing irregularly, 
and not dehiscing by a pore, some of 
the genera in this group differ little in 
Btrucinre from the Spkteriacei. On the 
other hand, the 3ry$ipkei present impor- 
tant and very interesting features. They 
occur chiefly on the green parts of grow- 
ing plants. At first thore is a more or 
less profuse white mycelium.* This 
gives rise to chains of conidia (Oidium), 
iuul afterwards small sphuuroid projections appear at certain 
points on tho mycelium. Thoso enlarge, take an orange colour, 
ultimately panning into brown, and then nearly black. Exter- 
nally those pcrithocia arc mmally furnished with long, spreading, 
interfcwiiiod, or branching appendages, sometimes beautifully 
branched or hooked at their tips* In the interior of the recep- 
tacles, pcar-slmpcd or ovate aaci aro-formod in clusters, attached 
together at tho base, and containing two or more hyaline 
spuridia- Other forms of fruit have also been observed on 
tho same mycelmm. In an exotic genus, Mellola^ the fulcra, or 
appendages, as well as the mycelium, are black, otherwise it 

* Masne, "Selecta Pungornm Carpologia," vol. L L6veUI, <{ Organisation, 
te, ur I'Srafiiph^" in " Ann. dm ScL JSW (1851), vol 3tv. p. 109. 
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is very analogous to stick a genus of Erysiphei as Micro$pli&ria. 
In ChfBtomiimi^ the perithecia bristle with rigid, dark- coloured 
hairs, and the sporidia are coloured. Our limits, however, will 
not permit of further elucidation of the complex and varied 
structure to be found amongst fungi.* 



* Other works besides those already cited, which may be consulted with 
advantage on structure, are 

Tulasne, L, E. and C., various articles in "Annales des Sciences Naturelles," 
se'rie iii. and iv. 

Hoffmann, "Icones Analytics Fungorura.""" 

DeBary, "Der Ascomyceten." Leipzic, 1863. 

Berkeley, M. J., " Introduction to Cryptogamic Botany." 

Seynes, J. de, "Becherches, &c., des Fistulines," Paris, 1874. 

Winter, 0., " Die Deutschon Sordarien." 1874. 

Corda, J., "Prachtflora." Prague, 1840. 

DeBary, " Tiber der Biandpilze." 1853. 

Brefcld, 0., "Botan. Untersuch. u Schimmelpilze." 

Frosenms, G-., "Beibiage zur Mykologie." 1850. 

Von Tieghem. and Lo Monnier, in *' Annalcs des Sciences Naturelles" (187S), 
p. 335. 

Conrn, M., "Surles Saprolegni6es," in "Ann. des Sci. Nat," 5 me se*r. xv. 
p. 5. 

Janczenki, "Sur 1'Asoobolus furfuraceus," in "Ann. des Sci* Nat." 5 
8e"r. xv. p. 200. 

Pe Bary and Woronin, "Beitx&ge zur Morphologie und Physiologie der PUze," 
1870. 

Bonorden, H. P., "Abhandlungenans dem Q-ebiete der Mykologie," 18S-i. 

Coemans, B., ^Spicile'ge Mycoiogtyue." 1862, eta, 
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CLASSIFICATION. 

A WORK of this kind cottld not be considered complete witl out 
some account of the systematic arrangement or classification 
which these plants receive at the hands of botanists* It would 
hardly avail to enter too minutely into details, yet sufficient 
should be attempted to enable the reader to comprehend the 
value and relations of the different groups into which fungi are 
divided. Tho arrangement generally adopted is based upon 
the ** Systema Myeologicum ** of Fries, as modified to meet the 
requirements of more recent microscopical researches by Berkeley 
in hin *' Introduction,"* nnrt adopted in Lindlcy's "Vegetable 
Kingdom." Another arrangement was proposed by Professor 
de Bary,f but it has never mot with general acceptance* 

In the arrangement to which wo have alluded, all fungi aro 
divided into two pi'hnary sections, having reference to tho mode 
in which tho fructification is produced. In 0110 section* the 
Bpores (which occupy nearly tho name position, and perform 
similar functions, to tho seeds of higher plants) are naked ; that 
Js, they arc produced on wpicules, and aro not enclosed in cysts 
or capattleB. This section is called SfoiuraiA, or spore-bearing, 
becauKO, by general consent, tho term spore is limited in fungi 
to tmeh gorm-cells as aro not products! in cysts, Tho second 
Kcction in termed Si'OHimu'KRA, or sporidia-bearing, because in 
like manner tho term sporidia is limited to such germ-cells as 

* Eev, H. J. Berkeley, "latrottuetioa to Cryptogatmc Botany** (1867), Lou* 
lion, pp. 2$5 to 372. 
i De Bary, in ** Strcinz Nomenclator Fungorum," p. 7S2. 
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are produced in cells or cysts. These cysts are respectively 
known as sporangia, and asci or ikecce. The true meaning and 
value of these divisions will be better comprehended when we 
have detailed the characters of the families composing these two 
divisions. 

First, then, the section SPORIFERA contains four families, in two 
of which a hymonium is present, and in two there is no proper 
hymenium. The term Jiymeniwn is employed to represent a 
more or less expanded surface, on which the fructification is 
produced, and is, in fact, the fruit-bearing surface. When no 
such surface is present, the fruit is borne on threads, proceeding 
direct from the root-like filaments of the mycelium, or an inter- 
mediate kind of cushion or stroma. The two families in which 
an hymenium is present are called Hymenomycetes and G-astero* 
myceies. In the former, the hymenium is exposed ; in the latter, it 
is at first enclosed. We must examine each of these separately. 

The common mushroom may be accepted, by way of illustra- 
tion, as a type of the family JECymenomycetes, in which th.e 
hymenium is exposed, and is, in fact, the most noticeable 
feature in the family from which its name is derived. The 
pileus or cap boars on its under surface radiating plates or gills, 
consisting of the hymonium, over which are thickly scattered 
the basidia, each surmounted by four spiculos, and on each 
spiculo a spore. When mature, these spores fall freely upon tho 
ground beneath, imparting to it the general colour of the spores. 
But it must be observed that the hymenium takes the form of 
gill-plates in only ono order of XTymcnomycetes, namely, tho 
Agaricini; and here, as in Cantkarellus, tho hymonium is some- 
times spread over prominent veins rather than gills. Still 
further divergence is manifest in the Poli/porei^ in which order 
tho hymonium lines tho inner surface of pores or tubes, which 
arc normally on the under side of the pileus. Both these orders 
include an immense number of species, the former fiacre or less 
fleshy, tho latter more or less tough and leathery. There are 
still other forms and orders in this family, as the Hydnei, in 
which tho %ymonium clothes the surface of prickles or spines, 
and tho Auricttlarini) in which the hymonium is entirely or 

F 
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almost even. In the two remaining orders, there is a still further 
divergence from the mushroom form. In the one called Clavariei, 
the entire fungus is either simply cylindrical or club-shaped, or 
it is very much branched and ramified. Whatever form the 
fungus assumes, the hymenium covers the whole exposed surfaceV 
In the TremeUini, a peculiar structure prevails, which at first 
seems to agree but little with the preceding. The whole plant 
is gelatinous when fresh, lobcd and convolute, often brain-like, 
and varying in size, according to species, from that of a piti's 
head to that of a man's head. Threads and sporophores are 
imbedded in the gelatinous substance,* so that the fertile threads 
are in reality not compacted into a true 
hymenium. With this introduction we 
may state that the technical characters 
of the family are thus expressed : 

Hymcnium free, mostly naked, or, if 
enclosed at Jlrst, soon exposed ; spores 
naked, mostly qnalernate, on distinct 
Bpiuules 5= HYMEKOMYCETES. 

In this family some mycologists be- 
lieve that fungi attain tho highest form 
of development of which they are ca- 
pable, whilst others contend that the 

Flo. 87. AytincuK nwlm. * . ' . . * , i A , 

fructification of tho Ascomycetes is more 

perfect, and that some of tho noblest species, such as tho pilcate 
forms, are entitled to tho first rank. Tho morel is a familiar 
example. Whatever may bo said on this point, it is incontro- 
vertible that tho nobloBt and moat attractive, as well as the 
largest, forms are clansod racier the Hymenwmycetes. 

Iii QasteromyceteA, tho second family, a true hymenium is 
also presonfc, bat instead of being exposed it is for a long time 
enclosed in an outer porklium or nac, until the spores are fully 
matured, or tho fungus is beginning to decay. The common 
pnff-ball (Lyeoferdon) Is well known, and will illustrate the 
principal feature of the family* Externally there is a tough 

* Mawae, k aad 0, E., "OUwrvatiemsaur rOrgamsation 
"Ann. dSol Hat." 1853, xte. p. 193, 
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coat or peridium, which is at first pale, but ultimately becomes 
brown. Internally is at first a eream-coloured, then greenish, 
cellular mass, consisting of the sinuated hymenium and young 
spores, which at length, and when the spores are folly matured, 
become brownish and dusty, the hymenium. being broken up 
into threads, and the spores become free. In earlier stages, 
and before the hymenium is ruptured, the spores have been 
found to harmonize with those of Hymenomycetes in their mode 
of production, since basidia are present surmounted each by 
four spicules, and each spicule normally surmounted by a 
spore.* Here is, therefore, a cellular hymenium bearing qua- 
ternary spores, but, instead of being exposed, this hymenium 
is wholly enclosed within an external sac or peridium, which 
is not ruptured until the spores are fully matured, and the 
hymenium is resolved into threads, together forming a pul- 
verulent mass. Ifc must, however, be borne in mind, that in 
only some of the orders composing this family is the hymenium 
thus evanescent, in others being more or less permanent, and 
this has led naturally enough to the recognition of two sub- 
families, in one of which the hymenium is more or^ less per- 
manont, thus following the Hymenomycetous typo ; and in the 
other, the hymenium is evanescent, and the dusty mass of spores 
tends more towards the Coniomycete$t this being characterized 
as the coniospormous (or dusty-spored) sub-family. 

The first sub-family includes, first of all, the Hypogai, or sub- 
terranean species. And here again it becomes necessary to re- 
mind the reader that all subterranean fangi are not included in 
this order, inasmuch as some, of which the truffle is an exam- 
ple, are sporidiiferous, developing their sporidia in asci To 
those allusion must hereafter bo made. In the Hypog&ii the 
hymonium is permanent and convoluted, leaving numerous 
minuto irregular cavities, in which the spores are produced on 

* Berkeley, M. X, "Oa tlxe Fructification of lycop&rdan, Phallus, and tbeir 
AIM Ganera," & " A*** <* ^t. Hist/' (1840), vol. iv. p. 155 ; "Aim. des 
Sol Nat." (Z839), xii. p. 163, Tulasne, & & and <X, " De la Fructification des 
Sclfrodww compare a cclle des fycoperfon at des JBovhto," in " Aim. dea Sci. 
Nat/' 2 m s$r, xval p, 5. 

V 2 
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sporophores. When specimens are very old and decaying, the 
interior may become pulverulent or deliquescent. The structure 
of subterranean fungi attracted the attention of Messrs. Tnlasne, 
and led to' the production of a splendid monograph on the 
subject.* Another order belonging to tins sub-family is the 
PJialloidei, in which the volva or peridium is ruptured whilst 
the plant is still immature, and the hynienium when mature 
becomes deliquescent. Not only are some members of this 
order most singular in appearance, but they possess an odour 
so foetid as to be unapproached in this property by any other 
vegetable production. t In this order, the inner stratum of the 
investing volva is gelatinous. When still young, and previous 
to the rapture of tho vulva, the hymenium presents sinuous 
cavities in \vhich the spores arc produced on spicules, aftor the 
manner of ITyMonomf/ccfes.^ Nidulariacei is a somewhat aber- 
rant order, presenting a peculiar structure. The peridium con- 
sists of two or thivo coats, and bursts at the apex, either 
irregularly or in a stellate manner, or by the separation of 
a liitlo lid. Within the cavity are contained one or more 
M ecmdary receptacles, which arc cither free or attached by 
clastic threads to tho common receptacle. Ultimately the 
secondary receptacles sire hollow, arid spores are produced 
in the interior, borne on spicnlcB. The appearance in some 
genera as of a little binTs-nest containing eggs lias fiumshed 
tho name to the order. 

The second ^lib-family contains the eoniospermotm pud-balls, 
jincl includes two ordei'H, in which the most readily distinguish- 
able feature is the cellular condition of the entire plant, in its 
earlier Hinges, an tho yrhhognntrw, and tho gelatinous* condition 
of the curly stale of the Mywigasfaes. Both are ultimately 
resolved ink>rimlly into a du,sty mass of threads and spores. 

* fuluanc. It, II. ami 0., "Fungi Jlypogsw," Paris, 1 851 ; "Observations aur 
la Gcuro Klat'0royct!8 f " in il Aim, <lc Bui Hut," 1841, xvl 5. 

f StotjMv In llim rHj:t upirojjh mout closely to the Phalioidei. 

$ Berkeley, in "Ann. Nut, Hist," vol Iv, p, 155. 

Tulasno, L* B. andC., " Ritchoi'tthcH Hur rOrgauiwition ct lo Mod do 
tificatioa d<s NiduUri(5H, w "Aim. dcH Sal Nat," (184-1), I p. 41, 
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In the former, the peridium is either single or double, oc- 
casionally borne on a stem, but usually sessile. In Geaster, 
the " starry puff-balls," the outer peridium divides into 
several lobes, which fall back in a stellate manner, and expose 
the inner peridium, like a ball in the centre. In Polysaccum, 
the interior is divided into numerous 
cells, filled with secondary peridia. The 
mode of spore-production has already 
been alluded to in our remarks on Lyco- 
perdon. All the species are large, as 
compared with those of the following 
sub-family, and one species of Lycoper- 
don attains an enormous size, One 
specimen recorded in the "Gardener's 
Chronicle " was three feet four inches 
i n circumference, and weighed nearly 
ten pounds. In the Hyxogastres, the early stage has been the 
subject of much controversy. The gelatinous condition presents 
phenomena so unlike anything previously recorded in plants, 
that ono learned professor* did not hesitate to propose their 
exclusion from the vegetable, and recognition in the animal, 
kingdom as associates of the Gregarines. When mature* the 
spores and threads so much resemble those of the Trichogastres^ 
and the little plants themselves are so veritably miniature puff- 
balls, that the theory of their animal nature did not 'meet with 
a ready acceptance, and is now virtually abandoned. The cha- 
racters of the family we have thus briefly reviewed are tersely 
stated, as 

Hymenmm more or less permanently concealed, consisting in 
most cases of closely-packed cells, of wJdclt the fertile ones bear 
naked spores on distinct spicules, exposed only ly the rupture or 
decay of the investing coat or peridium s=r GASTEKOMYCETES* 

Wo come now to the second section of the Sporifera, in 
which no dofinfte hymenium is present. And here we find 
also two families, in one of which the dusty spores are the 

* Be Bary, A., " Des Myxomye&es/' m " Ann. des Sci. Nat.' 1 4** s& xi. 
p, 153; " Bot, Zeit," xvi p. 3S7. 
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prominent feature, and henco termed Coniomycetes ; tlie other, 
La which the threads are most noticeable, is Hypliomycetes. 
En the former of these, the reproductive system seems to pre- 
ponderate so much over the vegetative, that the fungus appears 
bo be all spores. The mycelium is often nearly obsolete, and 
fcho short pedicels so evanescent, that a rusty or sooty powder 
represents the mature fungus, infesting the green parts of living 
plants. This is more especially true of one or two orders. It 
mil be most convenient to recognize two artificial sub-familiea 
for the purpose of illustration, in one of which the species are 
developed on living, and in the other on dead, plants. We will 
commence with the latter, recognizing first those which are 
developed beneath the cuticle, and then those which are super- 
ficial. Of the sub-culicular, two orders may be named as the 
representatives of this group in Britain, these are the SpJt&ro- 
netneit in which the spores are contained in a more or less perfect 
perithocium, and the Melanconiei, in which there is manifestly 
none, The iirtib of these if* analogous to the SpJiariacai of As- 
G&myfietous fungi, and probably consists largely of sperm ogonia 
of known species of Sp/neria 9 the relations of which have not 
hitherto boon traced, The spores are produced on slender 
threads springing from the inner wall of the porithocium, and, 
wlieu mature, are expelled from an orifice at tho apex. This is 
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tne normal condition, to which there arc some exceptions. In 
the Iftlanooniei, there i no true pcritliommn, bat tho spores are 
produced in like manner upon a kind of stroraa or cushion, 
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formed from the mycelium, and, when mature, are expelled 
through a rupture of the cuticle beneath which they are gene* 
rated, often issuing in long gelatinous tendrils. Here, again, 
the majority of what were formerly regarded as distinct species 
have been found, or suspected, to be forms of higher fungi. The 
Torulacei represent the superficial fungi of this family, and these 
consist of a more or less developed mycelium, which gives rise 
to fertile threads, which, by constriction and division, mature 
into moniliform chains of spores. The species mostly appear 
as blackish velvety patches or stains on the stems of herbaceous 
plants and on old weathered wood. 

Much interest attaches to the other sub-family of Coniowycetes, 
in which the species are produced for the most part on living 
plants. So much has been discovered during recent years of the 
polymorphism which subsists amongst the species in this section, 
that any detailed classification can only be regarded as pro- 
visional. Hence we shall proceed here upon the supposition 
that we are dealing with autonomous species. In the first place, 
we must recognize a small section in which a kind of cellular 
peridium is present. This is the JEcidiacei, or order of " cluster 
cups." The majority of species are very beautiful objects under 
the microscope ; the peridia are distinctly cellular, and white or 
pallid, produced beneath the cuticle, through which they burst, 
aad, rupturing at the apex, in one genus in a stellate manner, 
so that the teeth, becoming reflexed, resemble delicate fringed 
cups, with the orange, golden, brown, or whitish spores or 
pseudosporcs nestling in the interior.* These pseudospores 
are at first produced in chains, but ultimately separate. In 
many cases these cups are either accompanied or preceded by 
spermogonia. In two other orders there is no peridium. In 
the G&omacei) the pseudospores are more or less globose or 
ovate, sometimes laterally compressed and simple; and in 
Puctini&i, they are elongated, often subfusiform and septate. 
In both, the pseudospores are produced in tufts or clusters 
direct from the mycelium. The G&omacei might again be sub* 

* Corda, "Icones Fangorum," voL iii. fig. 45. 
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divided into Usfilagines* and Uredines'f In the former, the 
pscudospores are mostly dingy brown or blackish, and in the 
latter more brightly coloured, often yellowish. The Ustilagines 
include the smuts and bunt of corn-plants, the Vredines 
include the red rusts of wheat and grasses. In some of the 
species included in the latter, two forms of fruit are found. 
In Melampttorfy tho summer pseudospores are yellow, globose, 
and were formerly classed as a species of Zeci/tJiea^ whilst 
the winter pseudospores are brownish, elongated, wedge- 
shaped by compression, and compact. The Puccini(si% differ 
primarily in the septate pseudo-spores, which in one genus 
(Pvecinia) are unisoptato ; in THpfiragmium, they are biseptate j 
in PhragiHiiliinn,, mnltiseptatc ; and in Xenodoclms^ moniliform, 
breaking up into distinct articulations* It is probable that, in 
all of those*, as is Icnown to be the case in most, the septate 
pseuclosporos ore preceded or accompanied by simple pseudo 
spore**, to ^\ hich they are mysteriously related. There is still 
ifli'j, somewhat singular, group usually associated with the 
Mni(M\ in which the septate pRoudoaporcs are immersed in 
gelatin, BO that in many features the species seem to approach 
tho Trwwltini. This group includes two or three genera, the 
typo of which will bo found in Podi$oma. These fungi are 
ptiraftiUc on living junipers in Britain and North America, 
appearing year aftm" year upon tho name gouty swellings of tbe 
brunches, in eluvato or horn-shaped gelatinous processes of a 
yellowish or oranges colour. Anomalous as it may at first sight 
appear to include tliase tremclloid forms with tho dust-like fungi, 
tlioir rdaticMH will on closet* oxamiuation bo more fully appro- 
cintcdj when tho form of pHcmdo&purcs, mode of germination, and 
othur fcatut'OB arc ittkoii into conHidcratign, especially when 
Rompawd %vith foiuoma Kllittii, already alluded to* This family 
is technically cltaracta'isiod tw,- 

"Mtfuwiw Httr Ion UaUIngin^CH," <e Anu, dcs Set Kat. M (1847), vii. 



t Tulmmo, "MCjmniro mr los UrfiAlnAiB," "Ann, dee Sci. Nat/* (1854), ii. 78. 
$ Maina, **Burl Urfidiafios," **Ann. dosSd. Nat." 1854, ii. pi. 9. 
Cooka, M. 0. t "NotCMO PoditonM," ia u Journ. Quck, Mior. Club," No. 17 
0*71), p 2^ 
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Distinct hymenium none. Pseudospores either solitary or con* 
catenate, produced on the ti/ps of generally short threads^ which 
are either naked or contained in a perithecium, rarely compacted 
into a gelatinous mass, at length producing minute spores =CoNio- 

MYCETES. 

The last family of the sporifera is Ilyphomycetes, in which, the 
threads are coBpigft^cJ^yde^eloped. These are what are more 
commonly G^x^^^o^^^iiiQludLm^ some of the most elegant 
and delicate of microscopic forms. It is true of many of these, 
as well as of the Coniomycetes, that they are only conidial forms 
of higher fungi ; but there will remain a very large number of 
species which, as far as present knowledge extends, must be ac- 
cepted as autonomous. In this family, we may again recognize 
three subdivisions, in one of which the threads are more or less 
compacted into a common stem, in another the threads are free, 
and in the third the threads can scarcely be distinguished from 
the mycelium. It is this latter group which unites the Hypho- 
wycetes with the Comomycetes, the affinities being increased by the 
great profusion with which the spores are developed. The first 
group, in which the fertile threads are united so as to form a 
compound stem, consists of two small orders, the Isariacei and the 
Btilbacei) in the former of which the spores are dry, and in the 
latter somewhat gelatinous. Many of the species closely imitate 
forms met with in the Hymenomycetes, such as Clavaria ; and, 
in the genus Isaria, it is almost beyond doubt that the species 
found on dead insects, moths, spiders, flies, ants, &c., are merely 
the conidiophores of species of TorrMa** 

The second group is by far the largest, most typical, and 
attractive in this family. It contains the black moulds and 
white moulds, technically known as the Dematiei and the 
Mucedines. In the first, the threads are more or less corticated, 
that is, the stem has a distinct investing membrane, which peels 
off* like a bark ; and the threads, often also the spores, are dark- 
coloured, as if charred or scorched. In many cases, the spores 
arc highly developed, large, multiseptate, and nucleate, and sel- 

* Tulasae, & & and 0., "Selecta Pungorum Carpologia," vol. iii pp. 4-19, 
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dom are spores and threads colourless or of bright tints. In 
the Mucedines, oil the contrary, the threads arc never coated, 
seldom dingy, mostly white or of pure colours, and the spores 
have less a tendency to extra development or multiplex septa- 
tion* In some genera, as in Peronospora for instance,* a 
secondary fruit is produced in the form of 
resting spores from the mycelium; and 
those generate zoospores as well as the- 
primary spores, similar to those common 
in Alg&. This latter genus is very de- 
structive to growing plants, one species 
"being the chief agent in the potato disease, 
and another no less destructive to crops of 
onions. Tho vino disease is produced by a 

P ci <* of Oidiwn > wllic u U , {S alS ?J aSS d 
\\-ii\\ Mttectliiies, but which is really tao 

conidiilerouH form of Eri/sipke. In oilier goncra, tho majority 
of species arc deroloptid en decaying plants, so that, with the 
exception of the two genera meniionwl, tho IlypJiomyceies exert 
a ranch ICHM baneful iwfluotico on vcgotitliou than tao Conio- 
wvceteit. Tho Insfc section, including the Srpcdoniei, has been 
alrcsulv cited as renmrkublo for tlio HU]>prehsion of tho threads, 
whloh a soaroely t, bo distinfnnHluHl from the myeelium; tho 
Hpores BK. rrofuHo, nestlit.g on tho noce.,so mycelmm; whd s t 
i tho Triehofarmcd, iho HIHIHW an- invested by tho threads, as 
if enclosed in a sort of false peridium. A summary of the 
characters of the family may tbcroforo bo thus briefly ox- 
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Physomycetes, in which, there is no proper hjmenium, and the 
threads proceeding from the mycelium bear vesicles contain- 
ing an indefinite number of sporidia. The fertile threads are 
either free or only slightly felted. In the order Antennariei, the 
threads are black and moniliform, more or less felted, bearing 
irregular sporangia. A common fungus named Zasmidium 
cellare, found in cellars, and incmsting old wine bottles, as 
with a blackened felt, belongs to this order. The larger and 
more highly-developed order, Mucorini, differs in the threads, 
which are simple or branched, being free, 
erect, and bearing the sporangia at the tips 
of the thread, or branches. Some of the 
species bear great external resemblance to 
Mucedlnes until the fruit is examined, when 
the fructifying heads, commonly globose or 
ovate, are found to be delicate transparent 
vesicles, enclosing a large number of minute 
sporidia ; when mature, the sporangia burst 
and the sporidia are set free. In some spe- 
cies, it has long been known that a sort of FlG * l "- Muco ' 
conjugation takes place between opposite threads, which results 
in. the formation of a sporangium,* None of these species are 
destructive to vegetation, appearing onlpupon decaying, and 
not upon living, plants. A state approaching putrescence seems 
to be essential to their vigorous development. The following 
characters may be compared with those of the family pre- 
ceding it : 

filamentous j threads free or only slightly felted ', learing vesicles > 
which contain indefinite sporidia = PHYSOMYCETES. 

In the last family, the Ascomycetes, we shall meet with a 
very prosit variety of forms, all agreeing in producing sporidia 
contained in certain cells called asci, which are produced from 
tlio hymemum. In some of these, the asci are evanescent, 
but in the greater number are permanent. In Onygenei, the 
recopi/iujlo in either club-shaped or somewhat globose, and the 

* A. do Bary, translated in " Grevillea," vol. i p. 1C7 ; Tolasne, "Aan. des 
Sci Nat.*' 6" air. (I860), p. 211. 
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peridmm is filled with branched threads, which produce as 
very evanescent character, leaving the pulverulent spoi 
fill the central cavity. The species are all small, and singi 
their habit of affecting animal substances, otherwise th 
of little importance. The Perisporiacei, on the other ha 
very destructive of vegetation, being produced, in the m 
of cases, on the green parts of growing plants. To this 
the hop mildew, rose mildew, and pea mildew belong. 
mycelium Is often very much developed, and in the case 
maple, pea, hop, nnd some others, it covers the parts at 
with a thick white coating, so that from a distance the 
appear to have been white washed. Seated on the mycoli 
the first as little orange points, arc the perithucia, which c 
and become nearly black. In some species, very elegant \ 
apperulugeH radiate from the sides of the perithccia, the 
tiojus in which aid in tlio discrimination of species. The per 
contain pear-shaped asci, which spring from the base and < 
a definite number of sporidia.* Tho asci themselves ar< 
dissolved. Simultaneously with the development of sp 
other reproductive bodies arc produced direct from themyc 
and in some species us many as five diflbronfe kinds of rep 
tivc bodies have boon traced. Tho features to bo reraembc 
l^rittforiueci\ as forming the basis of their classification, ai 
the iiKci uro saccate, wpringing from the bane of the peril 
and are soon absorbed* AUo that the porithecia thomselv 
not perforated at the apex. 

Tho four remaining orders, though large, can bo easily c 
temed, In SVwvrm, all the flpeeies arc subterranean, a* 
hymuninm is mostly #i nun ted. In Ehctlaoel^ the substa 
more or lews flosliy, and the hymcnium is exposed. In , 
diuwii tlto Hub.si since is* hard or leathery, and the hymeni 
soou uxpo.stul. And in SpJtariaeei, although the substai 
variable, tho hymcnium is never exposed, boing enclop 
porithooia with a dintinci; opening at the apox, through 
tlio mature spores escape. Baelx of ihcne four orders mi 



* X<6vSU6 Jf* H,, 4e Orgauisatioa, to, de VjSrymph^" in ** Aan, d 
flat." (1S51), xv, p, 100, 
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examined more in detail. The Tuberacei, or subterranean 
AscomyceteS) arc analogous to the Hyjpogcei of the Q-asteromycetes* 
The truffle is a familiar and highly prized example. There is a 
kind of outer peridium, and the interior consists of a fleshy 
hymenium, more or less convoluted, sometimes sinuous and con- 
fluent, so as to leave only minute elongated and irregular cavi- 
ties, and sometimes none at all, the two opposing faces of the 
hymenium meeting and coalescing.* Certain privileged cells 
of the hymenium swell, and ultimately become asci, enclosing a 
definite number of sporidia. The spondia in many cases are 
large, reticulated, echmulate or verrucose, and mostly somewhat 
globose. In the genus jElapliomyees, the asci are more than 
commonly diffluent. 

The jElvellacei are fleshy in substance, or somewhat waxy, 
sometimes tremelloid. There is no peridium, but the hymenium 
is always exposed. There is a great variety of forms, some 
being pileatc, and others cup-shaped, as there is also a great 
variation in size, from the minute Peziza, small as a grain of 
sand, to the largo Helvella gigas, which equals in dimen- 
sions the head of a child. In the pileate forms, the stroma 
is fleshy and highly developed ; in the cup-shaped, it is 
reduced to the external cells of the cup which enclose the 
hymenium. The hymenium itself consists of elongated fertile 
colls, or asci, mixed with linear thread-like barren cells, called 
paraphyses, which are regarded by some authors as barren asci. 
TkoBo are placed side by side in juxtaposition with the apex 
outwards. Each a sous contains a definite number of sporidia, 
which are sometimes coloured, When mature, the asci explode 
above, and tlic sporidia may be seen escaping like a miniature 
cloud of smoke in the light of the mid-day sun. The disc or 
surface of the hymenium is often brightly coloured in the genus 
Jfezixn; tint** of orange, red, and brown having the predominance. 
Tit jp/ntcidwrei, tho substance is hard and leathery, intermediate 
boiwocxi the fleshy Elvellacei and the more horny of the Spli(&- 
rittwl* The perithecia arc cither orbicular or elongated, and the 

* Tutae, L. 11. awl 0., "Fungi HypogEei," Palis ; Vittodmi, C., "Mono- 
giuj>hiu TubeiiMJcaruiu/ 1 Milan, 1831. 
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liymcnmm soon becomes exposed. In some instances, there ia 
a close afliuity with tlio Mvellacei, the exposed hymenium being 
similar -in structure, hut m all the disc is at first closed In 
orbicular forms, the fissure takes place in a stellate manner from 
the centre, and tho teelh .are reflexed. In the Jlysteriacei, where 
the pcrithecia are elongated, the fissure takes place throughout 
their length. As a rale, the sporidia are more elongated, more 
commonly septate, and more usually coloured, than in JSfoeUacei. 
Only a few solitary instances occur of individual species that 
are parasitic on living plants. 

In the Sph&riacvi) tho substance of the stroma (when pre- 
sent) mid of tho perithecia is vari- 
able, being between fleshy and waxy 
in Neclrwi, and tough, horny, some- 
times brittle, in Itypovylon. A peri- 
thociurn, or cell excavated in the 
stronia which fulfils tho functions of 
a pmthecium, is always present 
Tho hymenium lines tho inner walls 
of the perithecium, and forms a gela- 
tinous nucleus, consisting of asci and 
When fully rmdtms the asci arc ruptured and tho 
Npondiu o&fcapo by a poro which occupies the apex of the peri- 
tluuuum. (SomotinioH tho porithuciiu. are solitary or scattered, and 
Korru'times gwgarioufl, whilst in other iuntancos they are closely 
aggregated and immerHcd in a stroma of variable mze and form, 
Coiiulw, Hpt't'irmtiu, pyciiidia, &c, have been traced to and nsso- 
cittted with HOIUO Bpucic, but tlu history of others is still obscure, 
ft! any of flu* coiiiotiiyccttouH fornm grouped under the Splueroneinei 
ar probably conditions of the Spkariaceit a are also the Melan* 
wnifii) and Homo of tho ffypltomyeetes* A very common, fungus, 
for instances whidh JH abundant <m sticks and twigs, forming 
rosy or reddish pustulca tlto HIJSO of a millet seed, fonncrly 
named Tubtireulttritt wtlgarisi is known to bo tho conidia-bearing 
stroma of tho sphasruwjoouH fungus, Nwtria cinnalarina ; * and so 

* "A Currant Twig imtl Something OB it," in "Oardener's Cliromcle" for 
January iiS, 1371* 
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with many others. The following are the technical characters 
of the family : 

Fruit consisting of sporidia, mostly definite^ contained in asci, 
springing from a naked or enclosed stratum of fructifying cells 
and forming a hymeniiim or nucleus = ASCOMYCBTBS. 

If the characters of the different families are borne in mind, 
ill ore will be but little difficulty in. assigning any fungus to the 
order to which it belongs by means of the foregoing remarks. 
For more minute information, and for analytical tables of the 
families, orders, and genera, we must refer the student to some 
special systematic work, which will present fewer difficulties, if 
he keeps in mind the distinctive features of the families.* 

To assist in this we have given on the following page an 
analytical arrangement of the families and orders, according 
to the system recognized and adopted in the present volume. 
It is, in all essential particulars, the method adopted in our 
" Handbook," based on that of Berkeley's "Introduction*' and 
" Outlines." 

* Berkeley, M. J., " Intioduction to Cryptogamic Botany," London, 1857; 
Cookc, M , "Handbook of British Fungi," London, 1871 ; Corda, A. C. J., 
"Anleituug zuin Studmm der Mycologio," Prag, 3842, Kiekx, J., "Flora 
Cr;n>k>gaimque dos Flanders," Gland, 1867 ; Fiies, K, " Rystcma Mycologicum," 
Lund, 1830; Fries, B., "Sumraa Ycgotabihnm Scandinaviae," 1846; Secretan, 
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TABULAE AEEAISraEMENT OF FAMILIES AKD 

OBDERS. 

DIVISION L SPORIFERA. Spores naked. 

I. Hymenium free, mostly naked, or soon exposed , . HYMENOMYCETES, 
Hynienium normally inferior 

Fruit-l>eaung surface Lam otiose . . . Agaricini. 

Frmfc-beaiing bnrfacc poious or tubular . . Polyporei, 

Fruit-bearing surface clothed with prickles . Hydnd. 
Fruit-bearing surf ace even or rugose. . Auricularini. 
Hymennun superior or encircling 

Glavate, or branched, raieJy lobed , , . fflavarieL 

lf convolute, or <hhc-liko, yclalinous , . Tremellini* 



II. Hyinemum enclosed in a, peu<liurn, rupturerl whuri mature 
Hymenomycetous 

Su1jterrtucaii nakod or enclosed ^ , . Hypoy&i. 
Turrcstiial, )iyu'uiuin<Jfliqm.'&ci'nt . . Phalloidci* 
r<'iiditnn t'ttcluMiig wvorangui, <'oiit.jiniiig spores Nidttlariacei. 
Oonin* fi^pmous 

Stipifcato, hynoiiiam cotivuiute, drying iiito a 

tlnsty nwiSH, enclosed in a volva * , . Podaxinei. 
Cvllular at Ih'Ht, iiymc'uium drying up into a 

diibty inaKs of Uucadn and spores * . jTrichoyaitret. 
GelutimmKut firwt, poridimn containing at length 
a duftty mass of thread and hjinrew . . Myxogattrw* 



HI. SpowH naked, mostly terminal, on ineuuj[ucuoua threads, 
frco ur wwloMjti in a perithucium . * 
Growitt^ on dcnd or dying plnuts 



Perithmum inoro or less dii.tinct . 

Writhed mu otwoleto or wanting Melanconiei. 

'L'il 
tfruotlfyiug Burfneu naked 

BiM>r*H aoinpouad or tomiparous , tforulacei. 

living plunlM - 

IVridium distinctly cvllular * jficidiacei* 

Peridiwn none 

-^lu1oHtj, tutnpfo or decUluou* 
, wuually aptate 
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V. 

NOTABLE PHENOMENA. 

THBBE are no phenomena associated with fungi tliat are of 
greater interest than those which relate to luminosity. The 
fact that fungi under some conditions are luminous has long 
been known, since schoolboys in our juvenile days wore in the 
habit of secreting fragments of rotten wood penetrated by 
mycelium, in order to exhibit their luminous proportion in the 
dark, and thus astonish their more ignorant or incredulouB fol- 
lows* Rumphius noted its appearance in Ataboyna, and Friow, 
in his Observations, gives the name- of Tlwl&phora yhotph&rfa 
to a species of Oorticitm now known OH Oorticium ceetrutmtm, 
on ttoooant of its phoaphoroHcenco untlor certain conditions. 
The same species is the Awri&ularia phosphor c& of Sowerfoy, 
but he makes no note of its phosphorescence JLuminoity in 
fungi " has been observed in various part** of the wort J and 
where the species has been fully developed it has boom generally 
a species of Agaricus which, has yielded the phenomenon* * 
One of the best-known species is the Ag&rfau* 0te*f# of the 
South of Europe, which wan examined by Tulasne with espeeW 
view to its luminosity.t In his introductory temorto, be says 
that four species only of Agaricus that are luminous appear at 
present to bo known. One of them, A vfaaritts, 0* 0^ is in<J& 
genous to Central Kurope; another, A* ignw** Biimph. t ooram 
Amboyna \ the thitd, A. nQctileuw** Wv*^ has been di* 



* H, J. Bork*l9v " Itttro^aetton to OtyiHtogamfe Boiaay^" p* 206. 
f Talaane, "Bar la Phoaphiorescejiod de Oi^mpIgitoDJ^'' in "Arm, di8ci 
) rol f& 
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covered at Manilla by G-audiehaud, in 1836 ; the last, A. Q-ard- 
new, Berk., is produced in the Brazilian province of Goyaz, upon 
dead leaves. As to the Dematium violaceum, Pers., the Slimantia 
Candida, Pers., cited once by Link, and the ThelepJiora c&rulea, 
D. C. (Corticium c&ruleum, IPr.), Tulasne is of opinion that their 
phosphorescent properties are still problematical; at least no 
recent observation confirms them. 

The phosphorescence of A. olearius, D. C., appears to have 
been first made known by De Candolle, but it seems that he was 
in error in stating that these phosphorescent properties mani- 
fest themselves only at the time of its decomposition. Eries, 
describing the Oladosporium umbrinum, which lives upon the 
Agaric of the olive-tree, expressed the opinion that the Agaric 
only owes its phosphorescence to the presence of the mould. 
This, however, Tulasne denies, for he writes, " I have had the 
opportunity of observing that the Agaric of the olive is really 
phosphorescent of itself, and that it is not indebted to any 
foreign production for the light it emits." Like Delile, lie 
considers that the fungus is only phosphorescent up to the time 
when it ceases to grow ; thus the light which it projects, one 
might say, is a manifestation of its vegetation. 

" It is an important fact," writes Tulasne, "which I can con- 
firm, and which it is important to insist upon, that the phos- 
phorescence is not exclusively confined to the hymenial surface. 
Numerous observations made by mo prove that the whole of the 
substance of the fungus participates very frequently, if not 
always, in the faculty of shining in the dark. Among the , first 
Agarics which I examined, I found many, the stipe of which 
shed here and there a light as brilliant as the hymenium, and 
led me to think that it was due to the spores which had fallen 
OXL the surface of the stipe. Therefore, being in the dark, I 
scraped with my scalgel the luminous parts of the stipe, but it 
di<?l not sensibly diminish their brightness ; then t split the stipe, 
fot?naised it, divided it into small fragments, and I found that 
the whole of this mass, even in its deepest parts, enjoyed, in a 
degree to its superficies, the property of light. I fouxu^ 
a phospkoresqence quite as brilliant in all the cap, for;, 
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having split It vertically In the form of plateff, I found that tho 
trama, when bruised, threw out a light equal to that of their 
fructiferous surfaces, and there is really only the superior 
surface of the pilous, or its cuticle, which I have never seem 
luminous. 

"As I have said, the Agaric of tho olive-troo, which is it 
very yellow, reflects a strong "brilliant light, and 
endowed with this remarkable faculty whilst it grows, or, at 
least, while it appears to preserve an active life, and retitaws 
fresh. The phosphorescence is at first, and moro ordinarily, re 
cognizable at tho surface of tho hymenium. I have seen a great 
number of young fungi which were very phosphorescent in tht* 
gills, but not in any other part. In another case, and amongt 
moro aged fungi, tho hymcniurn of which had ceased to give 
light, the stipe, on tho contrary, throw out a brilliant glare. 
Habitually, tho phosphorescence is distributed in aa tmoqual 
manner upon the stipe, and the ammo upon the gilln. Although 
tho stipe is luminous at its surface, it in not always iu*ec v B3*ariiy 
so in its interior substance, if ono bruics it, but Him milmtamjo 
frequently becomes phoHphoroncont after contact with the ait. 
Thtta, I had irrogulady split and Ht a largo stipo in Ha length, 
and 1 found tho whole flesh obscure, whikt on tho exterior 
some luminous places* I roughly joined tho iftcuratotl 
and tho following eremng, on observing them mt*w 9 I 
them all flashing a bright light. At another time, I had with 
a scalpel split vertically many flingi ixi order to Iwateu their 
dessieatioix ; tho evening of th same day, tho #urfao0 of aU these 
cuts was phosphorescent, btatt in many of thoso pleeos of 
th luminosity was limited to tho out surface whioh 
exposed to the airj the flewh beneath was 

** I have soon a stipe opened and lacerated 
whole of tho flesh of which romainod 
tibroo corusecutivo evenings, but th ferigbtnei dimm!#hed hi 
inteasity from tho exterior to iho interior, o that on tho third 
day it did not temie from the inner p**t of the uttpo. Tlw 
phosptioresoenee of tho gilts i ift no tmy modiflod at fixnt \y 
lxmm^M$ t3b fimgtus in watei^ trhe ift^jr tore been 
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they are as "bright as in the air, but the fungi which I left 
immersed until the next evening lost all their phosphorescence, 
and communicated to the water an already sensible yellow tint; 
alcohol put upon the phosphorescent gills did not at once com- 
pletely obliterate the light, but visibly enfeebled it. As to the 
spores, which are white, I have found many times very dense 
coats of them thrown down on porcelain plates, but I have 
never seen them phosphorescent. 

" As to the observation made by Delile that the Agaric of the 
olive does not shine during the day when placed in total dark- 
ness, I think that it could not have been repeated. From what 
I have said of the phosphorescence of A. oleanus, one naturally 
concludes that there does not exist any necessary relation 
between this phenomenon and the fructification of the fungus ; 
the luminous brightness of the hymenium shows, says Delile, 
'the greater activity of the reproductive organs, 1 but it is 
not in consequence of its reproductive functions, which may 
be judged only as an accessory phenomenon, the cause of which 
is independent of, and more general than these functions, since 
all the parts of the fungus, its entire substance, throws forth 
at one time, or at successive times, light. From these experi- 
ments Tulasne infers that the same agents, oxygen, water, and 
warmth, are perfectly necessary to the production of phospho- 
rescence as much in living organized beings as in those which 
have ceased to live. In either case, the luminous phenomena 
accompany a chemical reaction which consists principally in 
a combination of the organized matter with the oxygen of the 
air; that is to say, ia its combustion, and in the discharge 
of carbonic acid which thus shows itself." 

We have quoted at considerable length from these observa- 
tions of Tulasne on the Agaric of the olive, as they serve very 
much to illustrate similar manifestations in other species, which 
doubtless resemble each other in iheir main features. 

Mr. Gardner has graphically described his first acquaintance 
in Brazil with the phosphorescent species which now bears his 
name. It was encountered on a dark night of December, while 
passing tltrougt tie streets of Villa de Natividate. Some boys 
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were amusing themselves with some luminous object, which at 
first he supposed to be a kind of large fire-fly, but on making 
inquiry he found it to be a beautiful phosphorescent Agaric, 
which he was told grew abundantly in the neighbourhood on 
the- decaying fronds of a dwarf palm. The whole plant gives 
out at night a bright light somewhat similar to that emitted 
by the larger fire-flies, having a pale greenish hue. From this 
circumstance, and from growing on a palm, it was called by the 
inhabitants "flor do coco/'* 

The number of recognized phosphorescent species of Ayaricm 
is not large, although two or three others may be enumerated 
in addition to those cited by Tulasne, Of these, Agarivm 
lampas, and some others, are found in Australia, t In addition 
to the Afjarious noctileucus^ discovered by Qaudichaud, and the 
Agarious igneus of Bumphius, found In Ainboyna, Dr. Hooker 
speaks of the phenomenon as common in Bikkim, but ho hoftim 
never to have boon able to ascertain with what BpueieB it wa 
associated* 

Dr. Cuthbort Collingwood lias comamnieattiil Home further 
information relative to the luminosity of a Bptseien of Ayarmts 
in Borneo (supposed to be A, Qartlwri), in which ho nay*, 
"The nigjbfc beiug dark, tho fungi could bo vory dmtmotty e<m, 
though not at any groat distance, shining with , Hoft pafo 
greenish light. More and there spot of much more intmm* 
light wore visible, atid thorn proved to bu very yotmg and 
minute wpecimems. The older gpecimens may moro |>W|K?t*Jy 
be described as possessing a. groemnh lumiuouw glow^ like the 
glow of tho electric discharge, uiiich, Jiowov^r, wa qalta mt 
ficiont to dofmo its shape, and, wkm cloHoly oxamlnewl, tli cfikf 
details of its form and appearance. Tho Imnmmliy did not 
impart itself to tho hand, and did not appear to b# afibotwl by 
the separation from the root oa which it grw, ti leaafc tt0t for 
somo hoars, I think it probabb that tltd inycolmm of thin 
fnngaa is also luminous, for, upon tnmhiy up tlio grotiud in 
#arch ol small luminous woritm, mktut^ |K)ts of light woru 

* In *wfcr' Journal ^ B^taaf ** (JlWft), v^i 1L j. 420, 
t Itor1e!ey, tot^Kjaw to <^fi ^i" t* ^0* 



110 FUNGI. 

observed, wMcli could not be referred to any particular object 
or body when brought to the light and exammed, and were 
probably due to some minute portions of its mycelium."* The 
same writer also adds, " Mr. Hugh Low has assured me that he 
saw the jungle all in a blaze of light (by which he could see to 
read) as, some years ago, he was riding across the island by 
the jungle road ; and that this luminosity was produced by an 
Agaric." 

Similar experiences were detailed by Mr. James Drummond 
in a letter from Swan River, in which two species of Agaric 
are concerned. They grew on the stumps of trees, and had 
nothing remarkable in their appearance by day, but by night 
omitted a most curious light, such as the writer never saw- 
described in any book. One species was found growing on the 
stump of a Banksia in Western Australia. The stump was at 
the time surrounded by water. It was on a dark night, when 
passing, that the curious light was first observed. When the 
fungus was laid on a newspaper, it emitted by night a phospho- 
rescent light, enabling persons to read the words around it, and 
it continued to do so for several nights with gradually decreas- 
ing intensity as the plant dried up. In the other instance, 
which occurred some years after, the author, during on of his 
botanical trips, was struck by the appearance of a largo Agaric, 
measuring sixteen inches in diameter, and weighing about five 
pounds. This specimen was hung up to dry in the sitting* 
room, and on passing through the apartment in the dark it was 
observed to give out the same remarkable light. The lumiaoutj 
property continued, though gradually diminishing, for four or 
five nights, when it ceased on the plant becoming dry, * c Wo 
called some of the natives," he adds, " and showed them this 
fungus when emitting light, and the poor creatures cned ottt 
*cMng r a,' their name for a spirit, and seemed much afir^d 
oit."t 

the examples already cited are those of species of 
, luminosity is not by any means wholly confined to thafc 



* DrJ Ooll%wood, in " Journal of Linnsaaa Socieiy (Botany),** voL x. p< 400* 
f In !** H^teV Jomwl of Botany " for April* 
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genus. Mr. Worthington Smith has recorded his experiences of 

some /Jpecimens of the common Poli/porus annosus which wore 

found on some timbers in the Cardiff coal mines. He remarks 

that the colliers are well acquainted \\ith phosphorescent fungi, 

and the men state that sufficient light is given " to aee their 

hands by." The specimens of 3?olypQru& were so luminous 

that they could bo seen in the dark at a distance of twenty 

yards. Ho observes further, that ho has met with specimens of 

Polyporus sulfureus which were phosphorescent. Some of tin* 

fungi found in mines, which emit light familiar to the miner**, 

belong to the incomplete genus Wtizomorplia, of which Humboldt 

amongst others gives a glowing account. Tnlasno has also 

investigated this phenomenon in connection with the common 

RMzomorpha sulterranea, Pors. Thin species extends tmtlorneath 

the soil in long strings, in the neighbourhood of old troo ntumpR, 

fchoso of the oak especially, which arc becoming rotten, auct 

upon these ifc is fixed by one of its branches. Thono aro cylin- 

drical, very flexible, branching, and clothed with a Imrd bark, 

encrusting and fragile, at first smooth and brown, becoming 

later very rough ami black* The interior thiHuc, ni firai wlutitth* 

nffcorwards of a more or IOSR deep brown colour, iw formed of 

extremely long parallel OlameutH from '008*5 to '015 MM* In 

diameter. 

On tho evening of the day wtton I rocoi wl the 
ho writes, tho temperature boitig about 22 Goni*, all thu 
bran(?he brightened with an uutfonii pliotiphorh; light tho 
of their length ; it was the JHUIIIO with th nurface c*f mo of fchu 
older branches, the gi*oater rtuiuber of whleli w<*rentill Jbrtlllaiit Jii 
some parte, and only on thoir wurilioo. I wplit and lacerated mmy 
of thoHO fcwigH, but tlieir inUntial nubntaTiee reutautoU datl* Tlw 
next evening, on the contrary, this wibsttme^ having hwn op- 
posed to cuntfvct with the air, exhibited at it imrface ilm Kame 
ii as the bark of tho bruncboff. I iDade tlm obet*va* 
upon tho olcl stalks as well aa pon tho yoking <me* Pro- 
friefeiorx of the lutuJuou** urfeews ?(lueodi the 



p. 340, 



112 FUNGI. 

and dried them to a certain degree, but did not leave on the 
fingers any phosphorescent matter. These parts continued with 
the same luminous intensity after holding them in the mouth so 
as to moisten them with saliva ; plunged into water, held to the 
flame of a candle so that the heat they acquired was very appre- 
ciable to the touch, they still emitted in the dark a feeble light ; it 
was the same after being held in water heated to 30 C, ; but put- 
ting them in water bearing a temperature of 55 C. extinguished 
them entirely. They are equally extinguished if hold in the mouth 
until they catch the temperature ; perhaps, still, it might be 
attributed less to the heat which is communicated to them than 
to the deficiency of sufficient oxygen, because I have seen some 
stalks, having become dull in tho mouth, recover after a few 
instants a little of their phosphorescence. A young stalk 
which had been split lengthwise, and the internal substance of 
which was very phosphorescent, could imbibe olive oil many 
times and yet continue for a long time to give a feeble ligfoi 
By preserving these RliizomorphcB in an adequate state of 
humidity, I have been able for many evenings to renew tho 
examination of their phosphorescence; the commencement of 
dessication, long before they really perish, deprives them of tho 
faculty of giving light. Those which had been dried for more 
than a month, when plunged into water, commenced to vegetate 
anew and send forth numerous branches in a few days ; but I 
could only discover phosphorescence at the surface of those new 
formations, or very rarely in their immediate neighbourhood, 
the mother stalks appearing to have lost by dessication their 
luminous properties, and did not recover them on being recalled 
to life. These observations prove that what Sclimitss han written 
was not true, that all parts of these fungi were seldotn phob- 
phorescent. 

The luminous phenomenon in question is without doubt more 
complicated than it appears, and J Jke causes to which wo aitH- 
Wte it are certainly powerfully modified by tho general character 
of the objects in which they reside. Most of the Gorman 
botanists give this explanation, others suppose that it fornia at 
first or during its continuance a special matter, in which th 
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luminous property resides; this matter, which Is said to bo 
mucilaginous in the luminous wood, appears to be in the 
HJiizomorplia only a kind of chemical combination between the 
membrane and some gummy substance which they contain. 
Notwithstanding this opinion, I am assured that all external 
mucous matter was completely absent from the Agaricus oleariw, 
and I neither discovered it upon the branches of HHzomorpha 
sufiterranea nor upon the dead leaves which I have seen phos- 
phorescent ; in all these objects the luminous surfaces wore 
nothing else than their proper tissue. 

It may be remarked here that the so-called species of Ehizo- 
morpJia are imperfect fungi, being entirely devoid of fructifica- 
tion, consisting in fact only of a vegetative system a sort of 
compact mycelium (probably of species of Xylaria) with some 
affinity to Sclerotiwn. 

Recently an extraordinary instance of luminosity was recorded 
as occurring in our own country.* *' A quantity of wood had 
boon purcliHBed in a neighbouring parish, which was dragged tip 
a very stoop hill to its destination. Amongst thorn was a log of 
larch or spruce, it is not quite certain which, 24 feet long and a 
foot in diameter. Some young friends happened to pass up the 
hill at night, and wero surprised to find the road scattoml with 
luminous patches, which, when more closely examined, proved to 
bo portions of bark or little fragments of woocL Following 1 1!*0 
track, they came to a bla& of white light which was perfectly 
surpriHing. On examination, it appeared that tfco wliolo of tfe# 
inside of k the bark of tho log was covered with a white byssoid 
mycelium of a peculiarly strong smell, but unfortunately It* mob 
a state that the perfect form could not bo ascertained* This was 
luminous, but the light was by no means so bright us in those 
parts of the wood where the spawn had penatratocl mora deeply, 
and where it was BO intense that the roughest troatnacmt gonrcaly 
soomod to check it. If any attempt wns mad to mb off the 
luminous matter it only hono the morobrightty,ttnd when wrapped 
tip in five foldH of paper tlio light penotmteJ through all tlio foM 
on either i<lo as bri#hUy an if tho specimen wiw? exposed j 
*He*w M. Jr, Berkeley, & 
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again, the specimens were placed in the pocket, the pocket when 
opened was a mass of light. The luminosity had now been 
going on for three days. Unfortunately we did not see it our- 
selves till the third day, when it had, possibly from a change in 
the state of electricity, been somewhat impaired ; but it was 
still most interesting, and we have merely recorded what we 
1 observed ourselves. It was almost possible to read the time on 
the face of a watch even in its less luminous condition. We do 
not for a moment suppose that the mycelium is essentially 
luminous, but are rather inclined to believe that a peculiar con- 
currence of* climatic conditions is necessary for the production 
of the phenomenon, which is certainly one of great rarity. 
Observers as we have been of fungi in their native haunts for 
fifty years, it has never fallen to our lot to witness a similar case 
before, though Prof. Churchill Babington onco sent us specimens 
of luminous wood, which had, however, lost their luminosity 
before they arrived. It should be observed that the parts of the 
wood which were most luminous were not only deeply penetrated 
by the more delicate parts of the mycelium, but were those 
which were most decomposed. It is probable, therefore, that 
this fact is an element in the case as well as the presence of 
fungoid matter." 

In all cases of phosphorescence recorded, the light emitted 
is described as of the same character, varying only in intensity* 
It answers well to the name applied to it, as it scorns remarkably 
similar to the light emitted by some living insects and other 
animal organisms, as well as to that evolved, under favourable 
conditions, by dead animal matter a pale bluish light, resem- 
bling that emitted by phosphorus &s seen in, a dark room. 

Another phenomenon worthy of note is the change of colour 
which the bruised or cut surface of some fungi undergo. Most 
prominent amongst these are certain poisonous species of 
Boletus, such, for instance, as Boletus luridus, and some 
others, which, on being bruised, cut, or divided, exhibit an 
intense, and in some cases vivid, blue. At times this change 
is so instantaneous that before the two freshly-cut portions 
of a Soktys can bo separated, it has already commenced) and 
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proceeds rapidly till the depth of intensity lias been gained. 
This blue colour is so universally confined to dangerous species 
that it is given as a caution that all species which exhibit a blue 
colour when cut or bruised, should on no account bo eaten, The 
'degree of intensity varies considerably according to the con- 
dition of the species. For example, Boletus c<sn(Jle$cens is 
sometimes only very slightly, if at all, tinged with Hue when 
cut, though, as the name implies, the peculiar phenomenon is 
generally highly developed. It cannot bo said that this change 
of colour has as yet been fully investigated. One writer somo 
time since suggested, if he did not affirm, that the colour was 
due to the presence of aniline, others have contented themselves 
with tlie affirmation that it was a rapid oxidization and chemi- 
cal change, consequent upon exposure of the surfaces to the air. 
Archdeacon Bobinson examined this phenomenon in different 
gasos, and arrived at the coiiclunion that the change depends on 
an alteration of molecular arrangement.* 

One of the best of the edible species of Lactarius, known I*H 
Laotarius deliGi0#u#, change^ wherever cut or bruised, to a dull 
livid green. This fungun it* filled with an orango milky fluid, 
which becomes groon on oxponnro to the air, ami it is coriwo 
queatly the juice which oxidizes on oxpoaure* Somo varieties 
more than others of the cultivated mushroom become brownish 
on being cut, and a similar ohimgo wo h&vo observed, though 
not recorded, in other sptacio$, 

Tho presence of a milky juico in certain ftmgi has boon 
alluded to. This is by no anoa&w confined to tho $mn& 
si in which such juice is xixuvoral, ftomotimotf wlittd* 

yellow, and sometime colourloHH. lit Agtw?ic# 
in tho Bubgonus Mycem, tho gills and tcm are replafa* with a. 
milky jtxlco A1#o ia some spocioH of P##&& m for imtimoo in 

, #ttcc08(t, B, sometime** found growing an the* ground in 

tid in fezissa wniosa, Schrad*, also 
aarao phonomenon occurs, To this ataigte bo 

j as $t&r0&m sadio&ttr^ IV, and 
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Fr., both of which become discoloured and bleeding when 
bruised, while Gorticium lactescens distils a watery milk. 

Fungi in general have not a good repute for pleasant odours, 
and yet it must be conceded that they are not by any means de- 
void of odour, sometimes peculiar, often strong, and occasionally* 
very offensive. There is a peculiar odour common to a great 
many forms, which has come to be called a fungoid odour ; it is 
the faint smell of a long-closed damp cellar, an odour of mouldi- 
ness and decay, which often arises from a process of eromocau- 
sis. But there are other, stronger, and equally distinct odours, 
which, when once inhaled, are never to be forgotten. Amongst 
these is the fetid odour of the common stinkhorn, which is in- 
tensified in the more beautiful and curious Clatfirw* It is vorj 
probable that, after all, the odour of the Phallus would not be so 
unpleasant if it were not so strong. It is not difficult to imagine, 
when one encounters a slight sniff borne on a passing breeze, 
that there is the element of something not by any means un- 
pleasant about the odour when so diluted ; yet it must be con- 
fessed that when carried in a vasculum, in a close carriage, or 
railway car, or exposed in a close room, there is no scruple about 
pronouncing the odour intensely fetid, The experience of moro 
than one artist, who has attempted the delineation of OlatJirus 
from the life, is to the effect that the odour is unbearable evon 
by an enthusiastic artist determined on making a sketch. 

Perhaps one of the most fetid of fungi is Thelepkora palmata. 
Some specimens were on one occasion taken by Mr. Berkeley into 
his bedroom at Aboyne, when, after an hour or two, he was hor- 
rified at finding the scent far worse than that of any dissecting 
room. He was anxious to save the specimens, but the scent was 
so powerful that it was quite intolerable till he had wrapped them 
in twelve thick folds of the strongest brown paper. The scent 
of Thelephorafastidiosa is bad enough, but, like that of O&prinm 
pioaceus, it is probably derived from the imbibition of tho orduro 
on which it is developed. There needs no stronger evidence 
that the scent must not only be powerful, but unpleasant, when 
an arfciat is compelled, before a rough sketch is more than half 
bted, to throw it away, and seek relief in the open air, 
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number of edible Agarics have the peculiar odour of fresh meal, 
but two species, Agaricus odorus and Agaricus Jmgrans, have a 
pleasant anise-like odour. In two or three species of tough 
Hydnum, there is a strong persistent odour somewhat Hko melilot 
or woodruffe, which does not pass away after the specimen has 
been dried for years. In some species of Marasmius, there IB a 
decidedly strong odour of garlic, and in one species of Hygrch 
pJiorus, such a resemblance to that of the larva of tho goat 
moth, that it bears tho name of Sygrophorw GQBSUS* Most of 
the fleshy forms exhale a strong nitrous odour during decay, 
but the most powerful we remember to have experienced was 
developed by a very large specimen of Choiromyces meandnformw, 
a gigantic subterranean species of the truffle kind, and this 
specimen was four inches in diameter when found, and thoa 
partially decayed. It was a most peculiar, but strong and 
unpleasantly pungent nitrous odour, such as wo novor roniemlxur 
to have mot with in any other substance. l?ezlza $&n08& is 
remarkable when fresh for a strong scent like that of 
aquafortis. 

Of colour, fungi exhibit an almost endless variety, from whitd, 
through ochraoooua, to all tints of brown tmtil nearly Wacfc, or 
through sulphury yellow to rods of all shadefl, deepening into 
crimson, or passing by VIBOUB tints into purpHwh bkck. These* 
are the predominating gradations, but thoro arc* occasional blue 
and mineral greens, passing into olivo, but no puro or ohloro* 
pbyllous green. The nearest approach to tho I&tter in fotwd in 
the hymen him of some JZc&etL Somo of the Agnricn exhibit 
bright colours, but the larger number of brijghtK%40recl 8j>d$$ 
occur in the genus Peziza* Nothing can bo more elegimt th&n 
tho orange cups of Pmxa aurantia, tiie glowing cri*as<m of 
P0#i## QQQcinea> the bright scarlet of P$a&#a rutff&m, the suowy 
whiteness of 3?&%i&a wtw, the delicate yallow of fwista thvle* 
toloidto, or tho vdvoty brown of e$im rqpmAa* Amongftfc 
Agarics, tho most noble Agariem mu#&wiw t with its warty 
<$rimso& pilaus, is scarcely eclipsed by <fco continental orange 
Agwriow Q&*tmw< Tho amethyBtino wJoty of Agaricutt la#$&&M* 
is #0 common and y@fe so afeaeUva j whilst some 
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species Jlussula are gems of brilliant colouring. The golden 
tufts of more than one species of Clavaria are exceedingly 
attractive, and the delicate pink of immature Lycogala epiden- 
drum is sure to command admiration. The minute forms 
which require the microscope, as much to exhibit their colour 
as their structure, are not wanting in rich and delicate tints, 
so that the colour-student would find much to charm him, and 
good practice for his pencil in these much despised examples of 
low life. 

Amongst phenomena might be cursorily mentioned the 
peculiar sarcodioid mycelium of Myxogastres^ the development 
of amoaboid forms from their spores, and the extraordinary 
rapidity of growth, as the well-known instance of the Meticularia 
which Schweinitz observed running over iron a few hours after 
it had been red hot. Mr. Berkeley has observed that tho creamy 
mycelium of Lyoogala will not revive after it has become dry 
for a few hours, though so active before. 
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VI, 

THE SPORE AND ITS DISSEMINATION, 

A WORK of tills character would hardly bo deemed comploto 
without somo reference to the above subject, which has moreover 
a relation to some of the questions discussed, and particularly of 
spore diffusion in the atmosphere. The largest Bpore in micro- 
scopic, and the smallest known scarcely Yisiblo under a mngtil- 
fying power of 360 diameters* Taking into account the largo 
number of species of fungi, probably scarcely less nutiterottH than 
all the flowering plantn, and the immense number of pomt which 
some of the individuals produce, they ma&t bo excoodingly plcsn* 
tiful and widely diffused, though from their mwutcmrai* not tw#y 
to be discerned, It has boon attempted to estimate thu number 
of spores which might bo produced by ouo single plattt of Jjjpp* 
pardon, but the number BO far exceed** that which the mind in 
accuntomed to contemplate that it aeoms wcarcoly |KmHtbto to 
realize their profusion. Recent microscopic oxaxuinationii of iho 
common atmosphere* show the large quantity of spow that i0 
continually suBponded. In these invefftigaiione it wm ftntttd 
spores and similar colls woro of cooatant occuri^ttee^ a&tl 
generally present in considerable numbers. That the 
of the cells were living, a&d ready $o undergo dtvolopm^ut on 
meeting with suitable condition**, waa very lamnife^ as in thoa 
eases in which preparations were retained tmdw oTbiKsrvatiou for 
y length of time, germination rapidly took plw in many of 
the calls, la few instanoas did my dovotopmont take 
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beyond the formation of networks of mycelium, or masses of 
tornloid cells, but, in one or two, distinct sporules wore developed 
on the filaments arising from some of the larger septate spores ; 
and in a few others, Penicillium and Aspergillus produced their 
characteristic heads of fructification. With regard to the precise 
nature of the spores, and other cells present in various instances, 
little can be said, as, unless their development were to be care- 
fully followed out through all its stages, it is impossible to refer 
them to their correct species or even genera. The greater 
number of them are apparently referable to the old orders of 
fungi, jSpTxeronemei, Melanconei, Torulacei, Dematiei, and Mttce- 
dines, while some probably belonged to the Puccini&i and 
Caomacei. 

Hence it is demonstrated that a large number of the spores 
of fungi are constantly present in the atmosphere, which is con<- 
firmed by the fact that whenever a suitable pabulum is exposed 
it is taken possession of by floating spores, and soon, converted 
into a forest of fungoid vegetation, It is admitted that the 
spores of such common moulds as Aspergillus and Penicillium 
are so widely diffused, that it is almost impossible to exclude 
them from closed vessels, or the most carefully guarded prepara- 
tions. Special contrivances for the dispersion of the spores in 
the different groups follow a few general types, and it is only 
rarely that we meet with any method that is confined only to a 
species or genus. Some of the more significant forms of spores 
may be illustrated, with their modes of dissemination. 

BASIDIOSPORBS is a term which we may employ here to desig- 
nate all spores borne at the tips of such supports as are found 
in the Hymenomyceies and Q-asteromycetes, to which tho namo 
of basidia has been given. In fact, under this section wo may 
include all the spores of those two orders, although we may bo 
ignorant of the precise mode in which tho fruit of most of tho 
Myxogaslres is developed/ Guarding ourselves at tho outset 
against any misinterpretation as to the use of this tora, which, 
in fact, we employ simply to designate the fruit of Hymenomy- 
#, we may have excuse in our desire to limit special torms a 
as possible. In the Agraricini the spores are plentiful, and 
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are distributed over the hymenium or gill plates, the surface of 
which is studded with basidia, each of which normally ter- 
minates with four short, erect, delicate, thread-like proce&ses, 
each of which is surmounted by a sporo. These spores are 
colourless or coloured, and it is upon this fact that primary divi- 
sions in the genus Agarics are based, inasmuch as colour in tho 




Fra 45. Spores of () Ayanfi'it t/wdttita, th) Attftrifm raymtLtia ; {*?) 
pascuus: (d) Ayancu* nidurontw; (c) Ayrmcu* campetttrii. (Hiuilh.) 

sporos appears to bo a permanent fbatnro. In whikHporcid 
the sporen are white in all tho individuate, not mutablo a fcho 
colour of tho pilous, or tho corolla in plianurogamio plants. Ho 
also with the pink sporod, rusi-y Hporcc!, l)ii?k npomi, niui of horn, 
This may servo to explain why colour, which m HO little 
upon in classification amongst tlu* higher plimtn, should Iwj 
duccd as an element of clalficatum in ono of tho 
genera of fungi. 

There are considerable differences in BIKO arid form arnon#t 
tho spores of iho Affmcini, alihoixgh at firfc globose j 
mature they aro globose, oval, oblong, olliplie, ftmform, 
either smooth or tuborculated, often mamtoitiiug in tlui 




4&-~8i>w8 of () Zflwtfariw* 
, (Wmith.) 

genera or fmbgenora ono particular eli^motwistie, or ^ r ,_ 
form. It w unnocoesary Loro to particularize all tho modiiiu&- 
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tions winch the form and colour of the spores undergo in dif- 
ferent species, as this has already been alluded to. The spores 




a 




FIG. 46*. (a) Spore of Gomphifaus FIG 47. Spores of (a) Pofyporu$ ccs&ius ; 
viscidus, (f>) spore of Oopnnus mwacevj. (b) Boletus parasiticus t (c] jffydtiutn. 

in the Polyporei^ Hycbnei^ <fcc., are less variable, of a similar 
character, as in all the Hymenomycetes, except perhaps tho 
Tremelhni. 

When an Agaric is mature, if the stem is cut off close to the 
gills, and the pileus inverted, with the gills downwards on a 
sheet of black paper (one of the pale-sporod species is best for 
this purpose), and left for a few hours, or all night, in that 
position, the paper will be found imprinted in the morning 
with, a likeness of the under side of the pileus with its radiating 
skills, the spores having been thrown down -upon the paper in 
such, profusion, from the hymenium, and in greater numbers 
from the opposed surfaces of the gills. This little experiment 
will be instructive in two or three points. It will illustrate the 
facility with which the spores are, disseminated, the immense 
number in which they are produced, and the adaptability of tho 
gill structure to the economy of space, and tho development of 
the largest number of basidiospores from a given surface. The 
tubes or pores in Polyporei^ the spines in Hydnei, arc modifica- 
tions of the same principles, producing a like result. 

In the Gasteromycetes the spores are produced in many cawos, 
probably in most, if not all, at the tips of sporophores ; but tlio 
tymenium, instead of being exposed, as in the Hymenomycetes, is 
enclosed within an outer peridium or sac, which is sometimes 
double. The majority of these spores are globose in form, some 
of iihem extremely minute, variously coloured, often dark, nearly 
black, and either externally smooth or echinulate. In some 
genera, a$ JSnerthenema, Badhamia, Ac., a definite number of 
spores are at first enclosed in delicate cysts, but these are 
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tions to tie general rule : this also is the case in at least one 

species of Hymenog 'aster. As the spores approach maturity, it 

may be observed in such genera as Steinonitis, Arcyria % Dtachea, 

Dictydium^ Cribraria, Trictda, &c., that they are accompanied by 

a sort of reticulated skeleton of threads, which re- 

main permanent, and served in earlier stages, doubt- 

less, as supports for the spores ; being, in fact, the 

skeleton of the hymenium. It has been suggested 

that the spiral character of the threads in TricMa 

calls to mind the elaters in the Hepatic, and like 

them may, by elasticity, aid in the dispersion of the 

spores. There is nothing known, however, which 

will warrant this view. When tho sporcn are 

mature, the peridium ruptures either by an external 

orifice, as in Geaster, Lycopcrdon, &c., or by an 

irregular opening, and tho light, minute, delicate 

spores are diBHominated by the uli^htuKl breath of 

air. Specimens of G vaster and Jfoviafcf aro cnnily 

separated from the Bpot on which they grow; wlum 

rolling from place to place, tho spores aro <3iponUo<l 

over a largo surface- In tho fhatloidn tho HporciH 

are involved in a slimy mucuB which would prevent 

sion in such a manner* This golatmouH w*l>#tjuio hau 

less a peculiar attraction for imeot, and It in not itlio 

romantic to believe that in sucking up tho fuiiil nHttt^ 

also imbibe the spores and transfer ilimu from plaoo lo 

BO that oven amongst ftmg! inoetH aid in tho tJm#umm&t5<W of 

species. Whether or not tho Myxogcatrtw tihould l>e 

hero is matter of opinion, since tho modo in wltielt llio 

are developed is but little known ; analogy with til Trwk&y&atr 

in other points alon loading to tho conclusion that iJmy may 

produce basidioftpores. Tho slendor, ejauiio #t@m$ whtoft wp* 

port tho peridm in many pocics ar tmdoubtod akin to thu 

dissemination of tho spores** 

tJtttbr tho name of STOOSSWBS my? b0 etasnod ihom 
which in some ordera of Chnimyw*t<n are produced 
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of short threads, either enclosed in a peritheoium, or seated upon 
a kind of stroma. These are exceedingly variable, sometimes 
large, and multiseptate, at other times minute, resembling sper- 
matia. In such genera as are chiefly epiphytal, in Septoria, 
Phyllosticta, and their allies, the minute spores are enclosed 
within membranaceous perithecia, and when mature these are 
ejected from the orifice at the apex, or are exposed by the break- 
ing off of the upper portion of the perithecia. In Diplofoa and 
Hendersonia the spores are larger, mostly coloured, often very 

fine in the latter genus? 
and multiseptate, escaping 
from the perithecia by a, 
terminal pore. Profcably 
the species are only pyc- 
nidia of Sph&riacei, but 
that is of no consequence 
in relation to our present 
inquiry. Of stylospores 
which deserve mention on 

PIG. 50. Spores of Dilo- account of their singU- 
pkospora, gram-ims, l ar jft O f form, W6 may 




FIG, 49. Spore of Km- 



note those of Dilophospora graminis^ which are straight, and 
have two or three hair-like appendages at each extremity. In 
Discosia there is a single oblique bristle at each end, or at 
the side of the septate spores, whilst in JSeoUwspora a tuft of 





E*MK fia. -Spores of Discosia. Fio. 52. Spore of Prorthemtum 

delicate hairs is found at one extremity only. The appendages 
xn Dinemagporiwn are similar to those of Diwosia. The spores 
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in Prostliemium may be said in some sort to resemble compound 
Hendersonia, being fusiform and mnltiseptate, often united at 
the base in a stellate manner. In this genuB, as in 
Gytispora, and the most of those belonging to tiie . 
the spores when mature are expelled from the orifice of tlio 
perithecium or spurious perithecium, either in the form of 
tendrils, or in a pasty mass. In these instancefl the s*pon?B aro 
more or less involved in gelatine, and when expelled lie ttprcad 
over the matrix, around the orifice; their ultimate diffusion 
being due to moisture washing them over other parts of tho 
same tree, since it in probable that their natural att>a of 
dissemination is not largo, the higher plants, of which they 
are mostly conditions, being developed on tho mime branches 
More must be known of the relations between Mdanconium 
and Tulasno's sphsoriacoous genus Jlfelancoms before wo can 
appreciate entirely tho advantage to Mdancotiiutit, and Horn" 
other genera, that the wide diffusion of their wporuH hlwulcl b* 
checked by involving thorn in raucan, or their boing a##luiimiiffl 
to the surface of tho matrix, only to bo HO f 'toned and dif!iw*l by 
rain. The spores in many npcciCH amongst tho , 






Fto, 38,-Bpore of Fia ff4.-fltylowy.oxtw 01 Pw, 0&~HjM*t! of 



remarkably fine ; theme of BtegtmMporium Ii.w fcfio 
partite and ctjllnlar. In 8titiM*itorn anct Corynmta iho Hymrw un* 
largo, and motly coloured In Asttrvspwim 
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spores are stellate, whilst in Pestahzzia they are septate, with a 
permanent peduncle, and crested above with two or three hyaline 
appendages. 

The Torulacei externally, and to the naked eye, are very 
similar to the black monlds, and the mode of dissemination will 
be alike in both. The spores are chiefly compound, at first 
resembling septate threads, and at length breaking up into 





FIG. 56 Sporeg of Pestaloma, Jb'w, 57.~~Bi8jpora 



joints, each joint of which possesses the fttnction of a spore. In 
some instances the threads are connate, side by side, as in Torula 
TiysterioideS) and in Speira, being concentrically arranged in 
laminae in the latter genus. The structure in SporocMsma is 
very peculiar, the joints breaking up within an external tubo or 
membrane. The spores in Sporidesmwm appear to consist of 
irregular masses of cells, agglomerated into a kind of compound 
spore. Most of the species become pulverulent, and the spores 
arc easily diffused through the air like an impalpable dut* 
They form a sort of link between the stylospores of one section 
of the Qoniomycetes, and the pseudospores of the parasitical 
section. 

PsEUDOSPOftE is, perhaps, the most fitting name which can bo 
applied to the so-called spores of the parasitical Qoniomycet&s, 
Their peculiar germination, and the production of reproductive 
bodies on the germ tubes, prove their analogy to some extent 
with the prothallus of other cryptogams, and necessitate th 
use of some term to distinguish thorn from such spores as are 
tive without the intervention of a promyceliuni. Tho 
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differences between these pseudospores in the several genera are 
confined in some instances to their septation, in others to their 
mode of development. In the JEkidiacei the p8eudo#pores are 
more or less globose, produced in chains within an external 
cellular peridiura. In the C&omacei they are simple, sometimes 
produced in chains, and sometimes free, with or without a 
caduceous peduncle. In the TJstilaginei they are simple, dark 
coloured, and occasionally attached in Rubgloboso manses, as 
in Urocystu and ThecafJiora, which are more or less compact. 
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In the Pw0/wWtlio diHtinctivo featuron of the* gonom aro 
upon tlio more or ICBS complex naturo of the psoudosporeB, which 
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pseudospores are involved in a gelatinous element. The diffu- 
sion of these fruits is more or less complete according to their 
compact or pulverulent nature. In some species of Puccima the 
son are so compact that they remain attached to the leaves long 
after they are dead and fallen. In the genus Melampsora, the 
wedge-shaped winter-pseudospores are not perfected until after 
the dead leaves have for a long time remained and almost rotted 
on the ground. It is probable that their ultimate diffusion is 
only accomplished by the rotting and disintegration of the 
matrix. In the Casomacei, Ustilaginei, and Mcidiacei the pseudo- 
spores are pulverulent, as in some species of Puccinia, and are 
easily diffused by the motion of the leaves in the wind, or the 
contact of passing bodies. Their diffusion in the atmosphere 
seems to be much less than in the case of the Hyphomycetes. 
By what means such a species as Puccima malvacearum, which has 
very compact sori, has become within so short a period diffused 
over such a wide area, is a problem which in the present state- 
of our knowledge must remain unsolved. It may be through 
minute and plentiful secondary spores. 

SPERMATIA are very minute delicate bodies found associated 
with many of the epiphyllous Coniomycetes, and it has been sup- 
posed are produced in conjunction with some of the Sph&riacei, 
fait their real function is at present obscure, and the name is 
applied rather upon conjecture than knowledge. It is by no 
means improbable that spermatia do exist extensively amongst 
fungi, but we must wait in patience for the history of their 
relationship. 

TJUCHOSPOEES might be applied better, perhaps, than conidia 
to the spores which are produced on the threads of the HypJio-* 
mycetes. Some of them are known to be the conidia of higher 
plants ; but as this is by no means the case with all, it would be 
assuming too much to give the name of conidia to the whole. 
By whatever name they may be called, the spores of the 
SypTiomycetes are of quite a different type irom any yet men- 
tioned, approximating, perhaps, most closely to the basidiosporos 
of the Ifymenomycetes in some, and G-asteromycetes in others j 
as, for insfcauce, in the Sepedoniei and the Triclwdermacei. The 
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form of the spores and their size differ materially, as well as the 
manner in which they are produced on the threads. In many 
they are very minute and profuse, but larger and less plentiful 
in the Dematiei than in the Muced'mes. The spores of some 
species of SelmintJiosporium are large and nrultisoptate, calling 
to mind the spores of the Melanconiei, Others are very curious, 
being stellate in Triposporium, circinate inHelicoma and Hdico- 
coryne, angular in Q-onatosporium, and ciliate in Meniftpora eili* 
ata. Some are produced singly and some in chains, and in some 
the threads are nearly obsolete. In Peronoapora^ it has boon 
demonstrated that certain species produce minuto zoospores 
from the so-called spores. The dissemination of tho minuto 
spores of the Mucedines through the air iw undoubted ; rani also 
certainly assists not only in the diflperHion of tho spores in 
this as in other groups, but also in the pi'oduction of zooHpores 
which require moisture for that purpose* Tho form of the 
threads, and the mode of attachment 
of the spores, is far more variable 
amongst tho Mucedines than tho form 
of the spores, but the latter are in all 
instances so slightly attached to thoir 
supports as to bo diasoverod by the 
least motion. This aids also in tho 
diffusion of the spores through the 
atmosphere. 

SPORAJMIA. are produced in tho 
Plytonyceto usually on tho tips or 
branches of delicate throadfl, and those when imilwo dohifoo 
set frc>o tho minute sporidia. Thiwo arc so wmall and 
in their character that thoy require but a pa#Hi&gf 
Tho method of diffusion agrees much with fchafc of ths MmMn^ 
tho walls of the sporangia being usually HO thin &nd dolicato 
as to bo easily ruptured, Other modes of fructification prevail in 
some species by the production of cystw, which aro tho wmlfc of 
conjugation of tho thwdn. TIioso br4Iem &m for the mont part 
famished with thicker and more rosistont w&lls, and tlio diffusion 
of iifaelr contents will b regulated by othor eirouumtifcu 

K 
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those which influence the dispersion of the minute sporidia from 
the terminal cysts. Probably they are more perennial in their 
character, and are assimilated more to the oogonia of Cystopm 
and Peronospora, being rather of the nature of resting spores, 
inasmuch as the same threads usually bear the terminal fruits. 

TEECASPORES is -a term which may be applied generally to all 
sporidia produced in asci, but these are in turn so innumerable 
and variable that it will be necessary to treat of some of the 
groups individually. The Thecaspores, for instance, of the Tu- 
beracei offer several features whereby they may be distinguished 
from other thecaspores. The asci in which these sporidia are 
generated mostly partake of a broadly saccate, ovate form. The 
number of sporidia contained in an individual ascus is usually 
less than in the majority of the Ascomycetes, and the sporidia 
approximate more nearly to the globose form. Usually, also, 
they are comparatively large. Many have been figured by 
Corda* and Tulasne.f Three types of spores may be said to 
prevail in the Tuberacei : the smooth spored, 
the warted or spinulose, and the areolate. The 
first of these may be represented by the Ste- 
pkensia 'bombycina, in which the globose 
sporidia are quite smooth and colourless. 
FIG. 04. sporidium of ^he warted sporidia may be observed in 

Cfenea verrucosa. ~ , , t m t 

G-enea verrucosa, the spmulose m Tuber 
nitidum, and the areolate are present in Tuber cestivum and 
Tuber eacavatum, in which the epispore is divided into polygonal 
alveoli, bounded by thin, mombranaceous, pro- 
minent partitions. This form of sporidium is 
very beautiful. In all no special provision is 
made for the dissemination of the sporidia, 
as, from their subterranean habit, none would 
be available save the ultimate dissolution 
of the external integuments. As they arc 
greenly devoured by several animals, it is 
possible that they may be dispersed through tho excrements, 

*0orda, "IconeeFungorura," vol. vt 
"Fungi HypogseL" Paris. 
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In the Perisporiacei the perithecium has no proper orifice, 01* 
ostiolum, for the discharge of the mature sporidia, which ar0 
usually small, and are disseminated by the irregular rupture of 
the somewhat fragile conceptacles. The asci are usually mor^ 
or less saccate, and the sporidia approximate to a globose form* 
The asci are often very diffluent. In Perisporium vulgare th# 
ovate brown sporidia are at first, and for some time, attache^ 
together in fours in a concatenate or beaded manner. In sonM, 
species of JErysiphei the conceptacle en- 
closes but a single sporangium, in others 
several, which are attached together at tho 
base. In some species the sporangia contain 
two, in others four, in others eight, and in 
others numerous sporidia. In Cli&tomium 
the asci are cylindrical, and in most eases 
the coloured sporidia are lemon-shaped. 
When tho concoptacles are fully matured, 
it is commonly the case that tho asci are 
absorbed and tho sporidia are free in 11 10 
interior of the concoptacles* 

Of the fleshy Discomyeetes the genus 
fezim may be taken as the type. If tho 
structure which prevails in this getraa be 
brought to mind, it will be remembered 
that tho hymemum linos aa expanded cup, 
and that the asci are packed together, aide 
by side, with their apices outwards, and 
their bases attached to a substratum of oollw 
which form the inner layer of the recep- 
tacle. The sporidia are usually eight in 
each aseus, either arranged in single or 
double rows, or irregularly grouped ix> 
gether* The asci are produced in succes- 
sion ; the later, preming themselves tipi 
between those previously developed^ 
tibe rupture of the matttre asoi $& $he apex and the ejection of 
tike Sjporidia with. ***-*- * ^^* - ~ - .. 
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observed for a time a whitish cloud will be seen to rise suddenly 
from the surface of the disc, "which, is repeated again and again 
whenever the specimen is moved. Tllis cloud consists of 
sporidia ejected simultaneously from several asci. Sometimes 
the ejected sporidia lie like frost on the surface of the disc. 
Theories have been devised to account for this sudden extrusion 
of the sporidia, in Ascobolm, and a few species of Peziza^ 
of the asci also, the most feasible one being the successive 
growth of the asci ; contraction of the cup may also assist, as 
well as some other less potent causes. It may be remarked 
here that the sporidia in Peziza and Helotium are mostly colour- 
less, whilst in Ascobolm they pass through pink to violet, or 
dark brown, and the epispore, which is of a waxy nature, be- 
comes fissured in a more or less reticulated manner. 

The sporidia in Hysterium proper are usually coloured, often 
multiseptate, sometimes fenestrate, and occasionally of consider- 
able size. There is no evidence that the sporidia are ever 
excluded in the same manner as in feziza, 
the lips closing over the disc so much as to 
prevent this. The diffusion of the sporidia 
probably depends on the dissolution of the 
asci, and hence they will not be widely 
dispersed, unless, perhaps, by the action of 
rain. 

In Tympanis, asci of two kinds have been 
observed in some species ; one kind contain- 
ing an indefinite number of very minute 
bodies resembling spennatia, and the other 
containing sporidia of the usual 




The SpJi&riacei include an almost infinite variety in tne form 
and character of the sporidia. Some of these are indefinite in 
the number contained in an ascus, although the majority are 
eight, and a few less. In the genera TormUa and Sypoorea the 
structure differs somewhat from other groups, inasmuch as in 
the former the long thread-like sporidia break up into short 
joints, and in the latter the ascus contains sixteen subglobose or 
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subquadrate sporidia. Other species contain linear sporidia, 
which are often the length of the ascus, and may either be simple 
or septate. In jSpJi&ria ulnaspora the sporidia are abruptly bent 
at the second joint. Shorter fusiform sporidia are by no means 
uncommon, varying in the number of septa, and in constriction 
at the joints in different species. Elliptic or ovate sporidia arc 
common, as are those of the peculiar form which may be termed 
sausage-shaped. These are either hyaline or coloured of some 
shade of brown. Coloured sporidia of this kind are common in 




Pio. 6S,~- AJSCUS and eporidla $10. 60,~43porfcttnm ot 
of ttyffQcr6&> fiphceria idnaqpom* 




(Cumy), 



and Hypotoylon, as woll m in ceirt&ia epecies of the section 
Coloured sporidia are often Jarg and boatitiMa 
thoy aare mostly of ati elongated, elliptical fbm, or ftisiform. As 

of Mstanvwm 



134 FUNGI. 

formis, those of Valsa profusa, and some species of Massaria, 
the latter being at first invested with a hyaline coat. Some 
coloured SDoridia have hyaline appendages at each extremity, as 





FIG. 71.-Sporidia of Mcwana fsedaru. FIG. 72,-Sporldium of mcmoni* > 

* 4- bicorws, Oooke. 

in Melwconis BerMeii, and an allied species, Melanconis licornis, 
from the United States, also some dung Spkerfo, as S.Jimiseda, 
included under the proposed genus Sordaria* Hyaline sporidia 
occasionally exhibit a delicate bristle-like appendage at each 
extremity, as in the Valsa thelebola, or with two additional cilia 
at the central constriction, as in Valsa taleola. A peculiar form 





r8,*-Ca*date spoiidla of Sphceria Jmtofo. FIG. 74,-SporidIa of Vaka 

is present in certain species of Sp 
ich the generic name of Sporormia 

^ Winter, '^Die Deutsohen Sordaaiw" (1873). 



of sporidium is present in certain species of Spfaria found on 
dtog, for which the generic name of Sporormia has been pro- 
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posed, in which, the sporidium (as in Pensporium vulgare) 
consists of four coloured ovate joints, which ultimately Hoparate. 
Multiseptate fenestrate sporidia are not uncommon in Cucurti- 





Fro. 75, Sporidia of 
Valtu, taitola. x 400, 



Fin, 70, Bporl- 
diuw of. NpororMiitk 



I HI, 77, 



tana and PUospora, as well as in Valmfofiestrata and Bomo other 
species. In tha North American 8pkteria jmt&minwtt i 
are extraordinarily large. 

Tho dissemination of the sporidia 
may, from identity of structure an tho 
perithecium, bo deemed to foEow a liko 
method in all, When mature, they arc 
in a groat measure expelled from tho 
mouth of the perithocia, ae is evident 
in species with largo dark sporidia, 
such as exist in the genera Itypotaylon^ 
Mdmcords^ and Mc&sarfa. In these 

genera tho sporidia> on maturity, may * '^wiwMKL \ 

be obaarred blackening tho matrix 
round tho mouths of th porltB&eiiu 
As ttoistam lom m ovidont efifoofc ia producing &a 
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sion of sporidia by swelling tlie gelatinous nucleus, it may 
be assumed that this is one of the causes of expulsion, and 
therefore of aids to dissemination. When SpTi&ria are submitted 
to extra moisture, either by placing the twig which bears them 
on damp sand, or dipping one end in a yessel of water, the 
sporidia will exude and form a gelatinous bead at the orifice. 
There 'may be other methods, and possibly the successive pro- 
duction of new asci may also be one, and the increase in bulk 
by growth of the sporidia another ; but of this the evidence is 
scanty. 

Finally, OOGONIA may be mentioned as occurring in such 
genera as Peronospora amongst moulds, Cystopus amongst 
Uredines, and the Saprolegniacece amongst the Physomyeetes. 
The zoospores being furnished with vibratile cilia, are for some 
time active, and need only water in which to disseminate them- 
selves, and this is furnished by rain. 

We have briefly indicated the characteristics of some of the 
more important types of spores to be found in fungi, and some 
of the modes by which it is known, or presumed, that their 
dissemination takes place. In this sum.rn.ary we have been com- 
pelled to rest content with suggestions, since an exhaustive essay 
would have occupied considerable space. The variability in the 
fruit of fungi, in so far as we have failed to demonstrate, will bo 
found exhibited in the illustrated works devoted more especially 
to the minute species.* 

* Corda, "Icones Fungorum," 6yols. (1837-1842); Sturm, '* Deutschlands 
Flora," Pilze (1841); Tulasne, "Selecta Ftmgorum Carpologiaj" Bischofi; 
*' Eryptogamenkunde" (1860) ; Oorda, "Atileitung zum Studiura der Myko- 
logie" (1842) ; Fresenius, "Beitr&gezur Mykologie" (1850); Nees von Ksen- 
beck, "Das System der Pilze" (1816) ; Bonorden, "HandbuohderAllgemeinen 
Mykologie"tt851). 
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VII. 

GEliMINATION AND GROWTH. 

IN describing the structure of tlieso organisms in a previous 
chapter, tlio modes of gcrmi nation and growth from tlie spores 
have been purposely excluded and reserved for the present* It 
may be assumed that the reader, having followed ^t to this 
point, is prepared for our observations by some knowledgo of 
the chief features of structure in the principal groups, and of tho 
main distinctions in tho classification, or at leant sufficient to 
obviate any repetition hero. In very many spocios it is by no 
means difficult to induce- germination of the spores, whilst in 
others success is by no moans certain. 

M, do Soynes made tho ffymenQmywiGs a eupomal object of 
study,* but ho can give us no information on iho germination 
and growth of the spore. Hitherto almost nothing is positively 
known. As to the form of the spore, it is always afc first 
spherical, which it retains for a long time, white attached to 
the basidia, and in some species, "but rarely* this form is filial, as 
in Ag, terreua^ <fec, Tho most usual form is either ovoid or roga* 
larly elliptic* All the Ooprini havo tho spores oval, ovoid, more 
or lens elongated or attenuated from tho hilum, wMeh is more 
tranwlucont than tho rest of tho sporo. This last form is rather 
general amongst the Leucospores, in Ammit^ Xrtpwfa, <fcc* At 
other times the spores aro fusiform, with regularly attenuated 
extromitios, as in Ag. wmimm^ IV,, or with obtuse occtremities, m 

J, de, 

eo. 
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in Ag. rutilans, Sch. In Hygrophorus they are rather irregular, 
reniform, or compressed in the centre all round. Hoffmann* has 
given a figure taken from Ag. chlorophanus^ and Seynes verified 
it upon Ag. cefaceus, Sow. (See figures on page 121.) 

The exospore is sometimes roughened, with more or less pro- 
jecting warts, as may be seen in JZussula, which much resembles 
Lactarius in this as in some other particulars. The spores of 
the Dermini and the &yporJiodii often* differ much from the 
sphaerical form. In Ag.pluteus^ Fr., and Ag. phaiocepJialuS) Bull, 
there is already a commencement of the polygonal form, but the 
angles are much rounded. It is in Ag. sericeus, Ag. rulellm, 
&c., that the polygonal form becomes most distinct. InDermini 
the angles are more or less pronounced, and become rather acute 
in Ag. muring Sow., and Ag, ramosus, Bull. The passage from 
one to the other may be seen in the stellate form of the conidia 



It is almost always the external membrane that is coloured, 
which is subject to as much variation as the form. The more 
fine and more delicate shades are of rose, yellow- dun or yel- 
low, violet, ashy-grey, clear fawn colour, yellow- orange, olive- 
green, brick-Eed, cinnamon-brown, reddish-brown, up to sepia- 
black and other combinations. It is only by the microscope 
and transparency that one can make sure of those tints ; upon 
a sufficient quantity of agglomerated spores the colour may be 
distinguished by the naked eye. Colour, which has only a slight 
importance when considered in connection with other organs, 
acquires much in the spores, as a basis of classification. 

With the growth of Agarics from the mycelium, or spawn, we 
are not deficient in information, but what are the conditions 
necessary to cause the spores themselves to germinate before our 
eyes and produce this mycelium is but too obscure. In the culti- 
vated species we proceed on the assumption that the spores have 
passed a period of probation in the intestines of the horse, and 
by this process have acquired a germinating power, so that wlion 
expelled we have only to collect thorn, and the excrement in wMcb- 

, ** Icones Analyticse Fuugomna,'* 
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they are concealed, and we shall secure a crop.* As to other 
species, we know that hitherto all attempts to solve the mystery 
of germination and cultivation has failed. There are several 
species which it would be most desirable to cultivate if the con- 
ditions could be discovered which are essential to germi nation. f 
In the same manner the Boleti and Ilydnei in fact, all other 
hymenomycetal fungi, with the exception of the Tremellini &till 
require to be interrogated by persevering experiment and cloHO 
inquiry as to their mode of germination, but more especially as 
to the essential conditions tinder which alone a fruitful myceiiara 
is produced. 

The germination of the spore has been 
observed in some of the Tremcllini. 
Tulasne described it in Tremvlla vio~ 
lacea.l Those spores are white, unilo- 
cular, and filled with a plastic matter 
of homogeneous appearance. From sonic 
portion of their surface an elongated 
germ filament is produced, into which 
the contents of the reproductive coll pans 
until quite exhausted. Other apores, 
perhaps more abundant, have a vory 
different kind of vegetation* From 
their convex side, more rarely from the 
outer edge, those particular sporow omit 
a conical process, generally nhortor than 
themselves, and directed perpendicularly 
to the axis of their figure, This appem- 
dago becomes filled with protoplaam at the 

* The S|xro8 of Agarics whioh are devoured by fllety howtw, though 
la their dung in an apparently perfect tatc, nro <iHw bfttte* H !, 
prfnciiwUty' by ifae SyrpMce, which devour poltao, that fungtu* s|*are arc ftw- 
sumwl. 

t AH attempt at CMwidc MM with orao of tle more ecttlet r^dfJi a<I 
Me. lagram t Bdlvoir, and the Jato Mr* Headwwn ftfe Mllto 
with native und int|H)Hed i*wn* 

$ tfutawe, *'0n th Orgaaizatloii of fcb (QmIUfl^ M " Aaa. don, Bel 
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spore, and its free and pointed extremity finally dilated into 
a sac, at first globose and empty. This afterwards admits 
into its cavity the plastic matter contained in its support, 
and, increasing, takes exactly the form of a new spore, 
without, however, quite equalling in size the primary or 
mother spore. The spore of the new formation long retains its 
pedicel, and the mother spore which produced it, but these 
latter organs are then entirely empty and extremely transparent. 
Sometimes two secondary spores are thus engendered from the 
same spore, and their pedicels may be implanted on the same or 
on different sides, so as to be parallel in the former case, and 
growing in opposite directions in the latter. The fate of these 
secondary spores was not determined. 

In Dacrymyces deliguescens are found mingled amongst the 
spores immense numbers of small round or ovoid unilocular 
bodies, without appendages of any kind, which long puzzled 
mycologists. Tulasne ascertained that they are derived from 
the spores of this fungus when they have become free, and rest 
on the surface of the hymenium. Each of 
the cells of the spore emits exteriorly one 
or several of those corpuscles, supported on 
very short slender pedicels, which remain 
after the corpuscles are detached from 
them. This latter circumstance evidences 
that new corpuscles succeed the firstborn 
one on each pedicel as long as there remains 
any plastic matter within the spore. The 
latter, in fact, in consequence of this 
)anp of production, becomes gradually 
emptied, and yot preserves the generative 
pedicels of the corpuscles, even when it no longer contains any 
solid or coloured matter. Those pedicels are not all in the same 
plane, as may be ascertained by turning the spore on its longi- 
tudinal axis ; but it often seems to be so when they are looked 
at in profile, on account of the very slight distance which, theti 
separates them one from another. It will also be remarked that 
they are in this case often implanted all on the same side of tho 
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reproductive body, and most often on Its convex side. Their 
fecundity is exhausted with, the plastic contents of the spore. 
The corpuscles, when placed in the most favourable conditions, 
have never given the least sign of vegetation ; they have also 
remained for a long time in water without experiencing any 
appreciable alteration. 

All the individuals of Dacrymycw dellquescem do not produce 
these corpuscles in the same abundance ; those which boar the 
most are recognizable by the palo tint of the reproductive dust 
with which they are covered ; in others, where this dust prosorvoH 
its golden appearance, only a few corpuscles are found. The 
spores which produce corpuscles do not appear at all apt to 
germinate. On the other hand, multitudes of spores will germi- 
nate which had not produced any corpuscles. Tulasne remarks 
on this, that those observations would authorize us to think that 
all spores, though perfectly identical to our eyes, have not, 
without distinction, the same fate, nor doubtless tho same nature ; 
and, in tho second place, that those two kinds of bodies, if tluy 
are not always isolated, yot arc most frequently mot with on 
distinct individuals. This author claims for tho corpiiHeles m 
question that they arc spermatia, and thinks that their origin is 
only so far unusual in tliat they proceed from veritable npcnm 

The whole of the G-asieromyce^s have as yot to bo cluillanget! 
as to the mode and conditions of germination and development. 
It is probable that those will not materially differ from thorn 
which prevail in Hymenomycetes* 

Tho germination in JEcidium has boon followed out by Talamo,* 
either by placing tho pseudospores in a drop of water, or confining 
thorn in -a moist atmosphere, or by placing the loaves on 
tho jfiSeidium flourishes upon water. Tho pBeadoeporoH 
in water germinated more readily than tho others. If tho con* 
ditions were favourable, germination would take pj&co ia t* few 
h-oom JftiGidwrn Itanunc^lacectrum^ D* Or, on loaves of fig 
gives rarely more than ono germinating filament, whidh 
atta&ts three timcie the length of tho diametw of tk* p^oudos 
TMs filament generally remains mmplo, gemetimos tomloso, 
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distorted in a long spire. Sometimes it Has been seen, divided 
into two branches, nearly equal to each other. The spore in 
germinating empties itself of its plastic contents, contracts, and 
diminishes in size. The pseudospores of JEcidium crassum, P., 
emit three long filaments, which describe spirals, imitating the 
twistings of the stem of a bean or bindweed. In Mcidvwm, Violce, 
Schum, one filament is produced, which frequently rolls up its 
anterior extremity into a spire, but more often this same extremity 
rises in a large ovoid, irregular vesicle, which continues the axis 
of the filament, or makes with it a more or less decided angle. 
In whatever manner placed, this vesicle attracts to it all the 
orange protoplasm, and hardly does this become settled and 
complete before the vesicle becomes the starting point of a new 
development, for it begins to produce at its apex a filament, 
more slender than the previous one, stiff, and unbranched. 

According to M. Tulasne, the germination of the pseudospores 
of J&Miwm ^Eup7iorl}i(S on Euphorbia sylvatica differ in some 
respects from the preceding. When dropped 
upon water these spores very soon emit a 
short tube, which ordinarily curves in an 
arch or circle, almost from its origin, attain- 
ing a length of from three to six times the 
diameter of the spore j then this tube gives 
rise to four spicules, each of which pro- 
duces a small obovate or reniform sporule ; 
the generation of these sporules absorbs all 
the plastic matter contained in the germ- 
tube, which permits of the observation that 
it was divided into four cells correspond- 
ing with the number of spicules. These 
ules germinate very rapidly from an 
definite point of their surface, emitting a 
filiform process, which is flexuous and very 
delicate, not extending more in length than three times that of 
the loti^ axis of the sporule, offcen less, reproducing at its 
summit & new eporule, differing ia form and size from thai? 
ptec^ded it. This sporule of the second formation be* 
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comes at its apex a yital centre, and sprouts one or more linear 
buds, of -winch the elongation is occasionally interrupted by the 
formation of vesicular swellings. As Tulasne observes, the 
pseudosporcs of the JJZcidium and the greater number of Uredines 
are easily wetted with water before arriving at maturity ; but 
when they are ripe, on the contrary, they appear to be clothed 
with a greasy matter which protects them from the liquid, 
forcing them almost all to rest on the surface. 

The pseudosporos of Hcestelia arc produced in strings or chap- 
lets, as in JEcidlum^ with this difference, that instead of being 
contiguous they are separated by narrow isthmuses. The ripe 
pseudospores are enveloped in a thick tegument, of a dark brown 
colour. They germinate readily on water, producing a filament 
fifteen times as long as the diameter of the spore. This filament 
is sometimes rolled or curved. Towards its extremity it exhibits 
protuberances which resemble the rudiments of ramuli, or thoy 
terminate in a vesicle which gives rise to a slender filament. 
The tegument of these pseudosporos, above all in thowc wliicb 
have germinated, and have consequently become tnoro trans- 
parent, it is easy to see lias many pores, or round ostiolcs. 

In P&ridermiim the pseudosporos, when dropped upon water, 
geminate at any point of thoir surface. Sometimes two cmo<{mstl 
filaments issue from the same spore. Aftor forij*oight hours 
of vegetation in the air, the greater part had already omitted ft 
multitude of thick Kttto bi % ancaea, themselves either nimplo or 
branched, giving to the filaments a peculiar aspect. Tulnsite did 
not on any occasion observe the formation of secondary spowfl- 

In the TTredinos proper the germination seems to be some* 
what similar, or at least not offering sufficient difference to 
warrant special reference in Vrefo, XMckofatit, Jtaytffo*, Ac* 
In Cbhosporium there are two kinds of gpovcMi, oe kind txmsint* 
ing of pulverulent single cells, and the other of olowgated sep- 
tate colls, which broak up into obovato joints, Soon after iito 
maturity of tho pulverulent spores, each bogiras <x> emit a long 
tubfc, whict IB habitaally simple, and produoes at it aummft a 
reproductive eellulo, orronijformBponale, OPHeoffaiageprotoptom 
passes lo&g the eolouriess tube* to the tett^iaal gportxte at tl^ 
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end of its vegetation. The two forms of spores in this genus 
are constantly found on the same leaf, and in the same pulvinule, 
"but generally the pulverulent spores abound at the commence- 
ment of the summer. The reniform sporules begin to germinate 
in a great number as soon as they are free ; some few extend a 





FIG, 82 Germinating pseudospores of Fia. 83, Germmatiug pseudoffpore (6) of 
(6) Coleo^porzum Sonchi, (a 5) secondary Melampsoi a, bctutina (Tulasne). 

spores, or sporules (Tulasne), 

filament which remains simple and uniform, but more commonly 
it forms at its extremity a second sporule. If this does not 
become isolated, to play an independent life, the filament is 
continued, and new vesicles are repeated many times, 

In Melampsora the summer spores are of the ZecytJiea type, 
and were included in that genus till their relation with Mdawp* 
sora was clearly made out. The winter spores are in solid 
pulvirmles, and their fructification takes place towards the en 4 
of winter or in the spring. This phenomenon consists in tlio 
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production of cylindrical tubes, winch start from tho upper 
extremity of the wedge-shaped spores, or more rarely from tho 
base. These tubes are straight or twisted, simple or bifurcated, 
and each of them very soon emits four m onus porous Rpiculcs, at 
the same time that they become septate. The sporulos are in 
this instance globose. 

In Uromyces germination follows precisely 
the same typo as that of the upper cell of 
Puccinia ; in fact, Tulasne states that it is 
very difficult to say in what they differ from 
the Puccinics which are accidentally unilo- 
cular. 

In Ctystopus a more complex method pro- 
vails, which will bo examined more clone ly 
' hereafter. 

In Purcinia, as already observed when 
describing their structure, tho pnoadonpores 
are two-celled. From tho pores of each cell, 
which are near tho central septum, springs 
a clavate tube, which attains two or throo 
times the total length of the fruit, and of 
which the very obtuse extremity curves 
more or less in tho manner of a crosdor.* 
This tube, making a perfectly uneolourm! 
transparent membrane, is filled with u 
granular and very pale plastic nmttor at, 
the expense of tho generative coll, which IH 
soon rendered vacant ; then it gives rise to four 
on the flame side, and at tho Dammit of thtttto producer a nmi- 
form cellule. The four sponsion HO engowlttwd o&hattBfc all tho 
protoplasm at first contained in tho generative <wll, flo ili^t thoir 
united capacity proves to bo ovirlontly ^ueli {nwufflowut to wn* 
tain it, tho more BO as it loads to th belief that this mathsr 
midergooB as it condenses au elaboration which (limintsheB its 
dm. In all cases tho spleule origimtos befom th sporulo which 
it earner, and also a/fctafom its ftli lougtfo whon tho sporub ap- 

Kemoiw on tie 
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FIG. 85. Germinating pseudosporo of 
Pwemmct, Mohmce. (Tulasne ) 



pears. The form of the latter is at first globular, then ellipsoid, 
and more or less curved. All these phases of vegetation are 
accomplished in less than twelve hours, and if the spore is 

mature and ready for germina- 
tion, it is sufficient to provoke it 
by keeping the psendospores in a 
humid atmosphere. During this 
process the two cells do not sepa- 
rate, nor does one commence ger- 
mination before the other, but 
both simultaneously. When the 
sporules are produced, the pro to - 
spore, somewhat analogous to a 
prothallus, has performed its 
functions and decays. Towards 
the time of the falling of the 
sporules they are nearly all 
divided into four unequal cells 
by transverse and parallel septa. ' 

These sporules in time produce, from any point on their surface, 
a filament, which reproduces a new sporule, resembling the first, 

but generally smaller. This 
sporule of the second genera- 
tion ordinarily detaches itself 
from its support before germi- 
nating. 

The pseudospores of Triyflwag* 
mium ulmarioe have been seen in 
April germinating on old leaves 
of the meadowsweet which sur- 
vived the winter, whilst at the 
same time new tuffcs of the spores 
were being developed on the 
leaves of the year. These fruits 

Tut. 88.-GeminatIng pseudospore of Q f ^ S prm# vegetation Would 
FnyKrwmium utowria. (Tulasae.) * f o 

not germinate the same year* 
Bach cell in gemination emits a long cylindrical filament, con- 
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taining a brownish protoplasm, on which four spicules, bearing 
as many sporules, are generated. 

The germination of the black fruits of Phracfmidmm, only ap- 
pears to take place in the spring. It greatly resembles that in 
Puccinia, except that the filament is shorter, and the sporuloe 
are spherical and orange-coloured, instead of being kidney- 
shaped and pale. In the species found on tho leaves of the 
common bramble, the filament emitted by each cell attains throe 
or four times the length of the fruit. The 
granular orange , protoplasm which fills it 
passes ere long into the sporules, which 
are engendered at the extremity of pointed 
spicules. After the long warty fruits are 
emptied of their contents they still seem 
as dark as before, but the pores which arc 
pierced in the sides, through which the 
germinating filaments have proceeded, arc 
more distinctly visible. 

It will bo observed that throughout all 
these allied genera of Uromyve^ Jhuwinia, 
Tri/phragmium) and Phragmidium tho name 
typo of germination prevails, which confinnw 
tho accuracy of their classification together, 
and renders still loss probable tho sup- 
posed affinity of Phraymidiim with Spori~ 
desmium^ which was at one time hold by 
vory astute mycologiste, bat winch i now 
abandoned. This study of germination 
loads also to a very definite conclusion with regard to the 
Uromi/GfiB that it is much more closely related to $*tt&Gini& 
its immediate allies than to other unicellular UwJia* 

^ The germination of tho psoudowporos of tita gelatinous 
dinos of tho genus f&Msoma was studied by Tulosno.* Theme 

* Hp, B0rkly tat lately publiaM a Rptd0 wtor ft* nm* of A #foV f 
which ffa gektittotta element is c&reely dl^wiiHo itti Hit pfat Ii molitett^ 

a&<J uoOir j?sl^ <wr fom tut 
mtub, 
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pretended spores, he writes, are formed of two large conical cells, 
opposed by their base and easily separating. They vary in length. 
The membrane of which they are formed is thin and completely 
colourless in most of them, though much thicker and coloured 
brown in others. It is principally the spores with thin mem- 
branes that emit from near the middle very obtuse tubes, into 
which by degrees, as they elongate, the contents of the parent 
utricles pass. Each of the two cells of the supposed spore may 
originate near its base four of these tubes, opposed to each other 
at their point of origin, and their subsequent direction ; but it is 
rather rare for eight tubes, two by two, to decussate from the 
same spore or basidium. Usually there are only two or three 




FIG. 88 Gorminatmg pseudosporcs of Podisoma Jmiperi, (Tulasno.) 

which are completely developed, and these tend together towards 
the surface of the fungus, which they pass, and expand at liberty 
in the air. The tubes generally become thicker by degrees as 
they elongate, some only slightly exceeding the length of the 
protosporee. Others attain three or four times that length, 
according to the greater or less distance between the protospore 
and the surface of the plant. In the longest tubes it is easy to 
observe how the colouring matter passes to their outer extremity, 



closely 
character, 



from which, it is chiefly distinguished by its rorirescent 
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leaving the portion nearest to the parent cell colourless and 
lifeless. When nearly attaining their ultimate dimensions, all 
the tubes are divided towards their outer extremity by trans verso 
septa into unequal cells ; then simple and solitary processes, of 
variable length and form, but attenuated upwards, proceed from 
each segment of the initial tube, and produce at their extremity 
an oval spore (toleutospore, TuL), which is slightly curved and 
unilocular. These spores absorb all the orange endochronie from 
the original tubes. They appear in immense numbers on tho 
surface of the fungus, and when detached from their spicules 
fall upon the ground or on any object which may bo bonoatli 
them. So freely are they deposited that they may be collected 
on paper, or a slip of glass, like a fine gold-coloured powder. 
Again, those secondary spores (toleutosporcs) are capable of 
germination, and many of them will be found to have germinated 
on the surface of the Podisoma whence they originated. Tito 
germ filament which they produce springs habitually from tho 
side, at a short distance fronj tho hilum, which indicate** the 
point of attachment to tho original Rpieule. Those filaments 
will attain to from fifteen to twenty times the diameter of tho 
apore in length before branching, and are in themselves exceed- 
ingly delicate. The tubes which issue from tho primary spores 
(protospores, TuL) are not always nimple, but sometimes forked j 
and the colls which are ultimately formod at their extremities, 
though producing filiform processes, do not always generate 
secondary spores (telouto&pores) at their apices. This mode of 
germination, it will be seen, roaomWos greatly tli&t wMch takes 
place in Puodnia. 

Tho germination of the TTstilaginos was in parfc examined by 
Tulasne, but since has received accessions through the labours 
of Dr, A. Fischer von Waldhoim,* Nothing, however, of any 
importance is added to our knowledge of the germittation of 
which was made known an early m 1847* t After 



* Von WaMkeim, on tho " Development of tlt& UstHagineaj/' in **Pringah<*im* 
Jfchrktcfcer," vol vil (1869) ; txwtftlated in " ^ransooUoas of N, Y- State 
Agricultural Society for 1870." 

+ Berk&ley, on the " Propagation of BtmV *a " ^^ n ' Horfc. Soft. fcoJuUm** 1 
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days a little obtuse tube is protruded through the epispore, 
bearing at its apex long fusiform bodies, which are the sporules 
of the first generation. These conjugate by means of short 
transverse tubes, after the manner of the threads of Zygnema. 

Afterwards long elliptical 
sporules of the second gene- 
ration are produced on short 
pedicels by the conjugated 
fusiform bodies of the first 
generation. (^ig- 89, $$.) 
Ultimately these sporules of 
the second generation germi- 
nate, and generate, on short 
spicules, similar sporules of a 
third generation. (Fig. 89, 

St.) 

In TTstilago (flosculortm) 

au f*- <* germination takes place 

89.-Germinating pseudospore (0 of readily in warm weather. The 
a caries -with secondary spores in con- germ tube is rather smaller 

jxtgation, (Tul ) , .. , . , A . , _ 

at its base than further on. In 

from fifteen to eighteen hours the contents become coarsely 
granular; at the same time little projections appear on the 
tube which are narrowed at the base, into which some of tho 
protoplasm passes. These ultimately mature into sporulos. 
At the same time a terminal sporule generally appears on the 
threads. Secondary sporules frequently grow from the primary, 
which are rather smaller, and these occasionally give rise to a 
third generation. 

In Vrocystis (pompJiolygodes) the germinating tubes spring 
exclusively from the darker central cells of the clusters. From 
these are developed at their extremity three or four linear 
bodies, as in Tilletia, but after this no further development has 
as yet been traced. It maybe remarked here that Waldheim 
observed similar conjugation of the sporules in some species of 




ii. (184#) p. 113 j tfVla&ne, second memoir, in "Ann. des. Soi. Nat/'M, (4** 
*&-), p. 77 j Oooke, in " Joura. Quekett Micro. 01ft>,"i, p. 170, 



GEKMINATION AND GROWTH. 



151 




FIG. 00. Pseudosporo of 
ctfulorum in germ!n1&m, a 
poroH in conjugation, (Tul.) 



Tfstilago as have been remarked in the sporules of the first 
generation in Tdletia. 

Returning to Cystopus, as the last of the tJredines, we must 
briefly recapitulate the observations made by Professor do Bary,^ 
who, by the bye, claims for them an affinity with Peronospora 
(Mucedines but too well known * 

in connection with the potato 
disease), and not with the Ure- 
dines and their allies. In this 
genus there are two kinds of 
reproductive organs, those pro- 
duced on the surface of the plant 
bursting through the cuticle in 
white pustules, and which I)e 
Bary terms conidia, which are 
generated in chains, and certain 
globose bodies termed oogonia, which are developed on the 
mycelium in the internal tissues of the foster plant. Wh<m the 
eonidia aro sown on water they rapidly absorb the moisture, and 
swell; the centre of one of tbe 
extremities soon becomes a large 
obtuse papilla resembling the 
neck of a bottle. This is filled 
with a granular protoplasm, in 
which vacuolos aro formed. 
Soon, however, these vacuoles 
disappear, and very fine lines of 
demarcation separate the pro- 
toplasm into from five to eight ffia oi,-Cou!di <i uwwjww* #t tyt 

i i -i . , . i topiix candid u* / a, cwnMttim with tb 

polyhedrio portions, each pro- pfoma divided ; &, ; 

(tinting a little faintly-colotired | fi^SSS i 

racuolo in the centre (a). Soon r " "* 

after this division the papilla at theoacfjremliy iswoHs, open iiself, 

and at the same time the five to eight bodies wMeh had formed 

ia the interior are expelled on by o&e (5)* Tbo^o aa?e j 




ia 
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which at first take a lenticular form, and group themselves befoi 
the mouth of the parent cell in a globose mass (<?.) Yery sooi 
however, they begin to move, and then vibratile cilia show their 
selves (d), and by means of these appendages the entire globul 
moves in an oscillating manner as one by one the zoospore 
disengage themselves, each becoming isolated and swimminj 
freely in the surrounding fluid. The movement is precise^ 
that of the zoospores of Algas. 

The generation of the zoospores commences within from ai 
hour and a half to three hours after the sowing of the conidia 01 
water. From the oogonia, or resting spores, similar zoospores 
but in greater number, are generated in the same manner, anc 
their conduct after becoming free is identical. Their movements 
in the water usually last from two to three 
hours, then they abate, the cilia disappear, 
and the spore becomes immovable, takes a 
globose form, and covers itself with a 
membrane of cellulose. Afterwards the 
spore emits, from any point whatever of its 
surface, a thin, straight or flexuous tube, 
which attains a length of from two to ten 
times the diameter of the spore. The ex- 
tremity becomes clavate or swollen, after 
FIG. wresting spore the manner of a vesicle, which receives by 
of Ot/stopvs candidu* witb degrees the whole of the protoplasm. 

MOONS escape*. De ^ then procoo( j s to describe OTperi . 

ments which ho had performed by watering growing plants 
with these zoospores, the result being that the germinating 
tubes did not penetrate the epidermis, but entered by the 
stomates, and there put forth an abundant mycelium which 
traversed the intercellular passages. Altogether the germina- 
tion of these conidia or zoospores offers so many differences 
fropa the ordinary germination of tho Uredines, and is so like 
that which prevails in Peronospora, in addition to the fact of 
both genera producing winter spores or oogonia, tihat we cannot 
feel surprised that tho learned mycologist who made these 
observations should claim for Cystogm an affinity with f&rono* 
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spora rather than with the plants so long associated with it 
amongst the Coniomycetes* 

In passing from these to the Mucedines, therefore, we cannot 
do so more naturally than by means of that genus of white 
moulds to which we have just alluded. The erect branched 
threads bear at the tip of their branchlets spores, or conidia, 
which conduct themselves in a like manner to the organs so 
named in Ci/stopus^ and oogonia or resting spores developed on 
the mycelium within the tissues of the foster plant also give 
origin to similar zoospores. 

The conidia are borne upon erect, elongated filaments, origi- 
nating from the creeping mycelium. These threads are hollow, 
and rarely septate; the upper portion divided into numerous 
branches, and these again are subdivided, the ultimate ramuli 
each terminated by a single conidium. This body when mature 
is oval or elliptical, filled with protoplasm, but there is a diver- 
sity in their mode of germination. In tho greater part, of 
which P. eflwta may bo taken as an example, tho conidia havo 
tho function of simple spores. Placed in favourable conditions, 
each of them puts forth a gorm-tubo, tho formation of which 
does not differ in any essential point from what iw known of tho 
spores of tho greater part of fungi. 

Tho short oval conidia of P. gangliformu have little obfcuHo 
papilko at their apex, and it is at this point that germination 
commences. 

The conidia/ of P. dema arc similar, but tho germination is 
different. When placed in a drop of water, under favourable 
circumstances, tho following changes may bo observed in from 
four to BIX hours, Tho protoplasm, at firnb uniformly distributed 
in all the conidia, appears wtrown with somi-Iontiomlar, and noarfy 
equidistant vacuoleB, of which tho piano face is immediately m 
contact with the periphery of tho protoplasm* Those vaeuolos 
Kumbor from sixtoon to eighteen in P* maorotiarpa, but are less 
numerous in P, densa. A whort time after the appearance of tho 
vaeuoles tho on tiro conidium extends itself so that the papilla 
disappears. Suddenly it reappears, elongates itself, its attem- 
pted membrane vanishes, and the protoplasm is orpollod by 
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the narrow opening that remains in place of the papilla. In 
normal cases the protoplasm remains united in a single mass that 
shows a clear but very delicate outline. When it has reached 
the front of the opening in the conidium, which is thus emptied, 
the mass remains immovable. In P. densa it is at first of a very 
irregular form, but assumes by degrees a regular globose shape. 
This is deprived of a distinct membrane, the vacuoles that disap- 
peared in the expulsion again become visible, but soon disappear 
for a second time. The globule becomes surrounded with a 
membrane of cellulose, and soon puts out from tho point oppo- 
site to the opening of the conidmm a thick tube which grows in 
the same manner as the germ- tube of the conidia in other 
species. Sometimes the expulsion of the protoplasm is not com-r 
pletely accomplished ; a portion of it remaining in tho membrane 
of the conidium detaches itself from the expelled portion, and 
while this is undergoing changes takes the form of a vesicle, 
which is destroyed with the membrane. It is very rare that the 
protoplasm is not evacuated, and that the conidia give out ter- 
minal or lateral tubes in the manner that is normal to other 
species without papilla. The germination just described does 
not take place unless the conidia are entirely surrounded by water , 
it is not sufficient that they repose upon its surface. Besides, 
there is another condition which, without being indispensable, 
has a sensible influence on the germination of P. macrouarpa, and 
that is the exclusion of light. To ascertain if the light or the 
darkness had any influence, two equal sowings were placed side 
by side, the one under a clear glass bell, the other under a 
blackened glass bell Repeated many times, theso experiments 
always gave the same result germination in from four to six 
hours in the conidia under the blackened glass ; no change in 
those under the clear glass up to the evening. la tho morning 
germination was completed. 

The conidia of P. umlelliferarum and P. infestans* show 

an analogous structure. Theso bodies, if their development be 

normal, become zoosporangia. When they are sown upon wafw, 

one sees at th,e end of some hours the protoplasm divided by 

* Tfcis is the mould which produces the potato murrain. 
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very fine lines, and each of the parts furnished with a small 
central vacuole. Then the papilla of the conidium disappears- 
In its place appears a rounded opening, by which the parts of 
the protoplasm are expelled rapidly, one after the other. Each 
of these, when free, immediately takes the form of a perfect 
zoospore, and commences to agitate itself. In a few moments 
the sporangium is empty and the spores disappear from the field 
of the microscope. 

The zoospores are oval OF semi-oval, and in P. infestans the 
two cilia spring from the same point on the inferior border of 
the vacuole. Their number in a sporangium are from six to six- 
teen in P. infestans y and from six to fourteen in P. umbellife* 
rarwm. The movement of the zoospores ceases at the end of 
from fifteen to thirty minutes. They become motionless, cover 
themselves with a membrane of cellulose, and push out slender- 
bent germ-tubes which are rarc]y branched. It is but seldom 
that two tubes proceed from the same spore. The same de- 
velopment of the zoospores in P. infestans is favoured by the 
exclusion of the light. Placed in a position moderately lighted 
or protected by a blackened boll, the conidia very readily pro- 
duced jzoospores. 

A second form of germination of the oonidia in P, infestantt 
when sown upon a humid body or on the surface* of a drop of 
water, consists 14 the comdium emitting from its summit a 
simple tube, the extremity of which swells itself into the form 
of an oval vesicle, drawing to itself, little by little, all fche pro- 
toplasm contained in the cotddium. Then it isolates itself feom 
the germ-tube by a septum, and takes all the essential olmradte* 
istics of the parent conidium. This secondary oomdinm. <m& 
sometimes engender a third cellule by a similar process. Th0s 
secondary and tertiary productions have equally the charaoter of 
sporangia. When they are plunged into wmfcetr, the ordinary pro- 
duction, of zoospores takes place. 

Lastly, there is a third mode of gemination which the- oonidia 
of P* i^f&st&m manifest, and which, consists in tibia conidium 
emitting from its summit a simplo or bwjpu&exl germ* tub* This 
grows in a similar manner to the conidia tot named as of such 
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species as P. effusa. Tho conditions which control this form 
of germination cannot be indicated, since some conidia which 
germinate after this manner will sometimes bo found mixed 
with others, the majority of which furnish zooHporos. It may 
be that the conidia themselves are in Home sovfe of abnormal 
condition. 

In all the species examined tho conidia pofwoss the power of 
germination from tho moment of their maturity, Tho younger 
they are the more freely they gormiimic. They can retain this 
power for some days or weeks, provided they are not entirely 
dried. Dossication iu an ordinary tompomttmj Hocmcd sufficient 
to destroy tho faculty of germinating iti twenty-four bourn, when 
the conidia had been removed from tho leaver on which they 
were produced. They none of them retained tho faculty during 
a few months, hence they cannot presorvo It during the winter. 

The germs of Peronospora entur tho fontor plant if tho spores 
are sown upon a part suitable for tltn development of the 
parasite. It is eay to convince outi'n wsIF that tho mycelium, 
springing from the penetrating gmuw, HOOII takes ail tho 
characters that are found in flio adult stftto* Bomdos, whon 
cultivated for some timo, eomdiipluwws brmielwB can bo soon 
growing, identical with thono to which it OWCH its origin. Such 
cultivation m so readily accomplished tlwt it can bo mado upon 
cut loaves preserved fresh in a moist atmoHphom 

In the species of Peronoxpora that mltalut {Ktroanial plaittw^ or 
annual plants that lat through tl winf<n\ tiu myoultutn tiiddou 
ia tho tissues of the foster-plant lawfM with ii In t!m wpririg it 
recommences vegetation, and etnita its hnitiohtm into iho nowly- 
formod organs of its host, tHoro to fruHtfy. Tltcs l*0rQm$ftnm 
of the potato in thus perennial by rri(iriH of Its mycolium con- 
tained in tho browned tinsao of tho ftiHttttMed tubem. Wltont in 
the spring a disoasod potato begin to #r*iw, tbo myoolium rios 
in the stalk, and soon betray* ttlf by hlackfuh pots. The 
pa3ite can fructify abundantly on them) little BtalK and in 
eo&soqtwcG propagate thimelvH hi tho new #oai*0ji by tli 
conidia coming from tho vivacious xtiyiwHutti* 

disoaaod tubers of tho potato lwnys onin!tt the 
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lium of JP. infest ans^ which, never fructifies there as long as the 
skin of the tnlber is intact. But when, in cutting the tuber, the 
parenchyma occupied by the mycelium is exposed to the contact 
of the air, it covers itself with conidia-bearrng branches at the 
end of from twenty-four to forty-eight hours. Analogous results 
are obtained with the stalks of the potato. It is evident that 
in these experiments nothing is changed except the contact of 
the air ; the specific conditions particularly remain the same. 
It appears, therefore, that it is this contact alone which deter- 
mines generally the production of the conidiiferotis branches.* 

The mode of germination and development in the Mucors has 
been studied by several observers, but most recently by Van 
Tioghem and Le Monnier.f In one of the common forms, the 
M.UCOT jpTiycomyces of some authors, and tho PJtycomyces nitens 
of others, the process is given in detaiL In this species germi- 
nation will not take place in ordinary water, but it readily takes 
place in orange juice and other media* The sporo loses colour, 
swells, and absorbs fluid around it until double ittt original sisse 
and ovoid. Then a thick thread is emitted from <mo or both 
extremities, which elongates and becomes branched in a pinnate 
manner. Sometimes tho exosporo is ruptured and dutaclifd 
loosely from the germinating sporo. After about forty-eight 
hours from the first sowing, tho mycelium will send brunches 
into fche air, which again become abundantly branched; other 
short submerged branches will also remain simple, or have tuft- 
like ramifications, each terminating in a point, HO an to bristle 
with spiny hairs. In two or throe days abruptly swollen 
branches, of a club shape, will make tlurir api>oam&0e on the 
threads both in tho air and in tho fluid. Sometimes those 
branches are prolonged into an equal number of sporangia- 
bearing threads, but most frequently they divide first at thoir 
swollen summits into numerous branches, of wkicli usually one, 

*DeBary, "Champignons parwitiquw," iw "Aimaleg de BL Hat." (4 we 
sr.), )a. p. 5 j Cooko, "Microscopic Fungi," cap, xl p. IBS j " Popular Science 
Beviow," Hi 193 (1864). 

f Vftii Tieghem and JDe Monrtier, " Bosfcar0b*s on Muoorial," lii "Ann. 4 
Bci. Nat." (1878), xvii. p. 261 ; fitamary in. "Qtiart. Jowrn, Micro. 
(3ml ser*), xxr, $> 4iK 
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sometimes two or three, develop into sporangia-bearing threads 
while the rest are short, pointed, and form a tuft of rootlets 
Sometimes these rootlets reduce themselves to one or morc 
rounded protuberances towards the base of the sporangia-bear- 
ing threads. 

There are often also a certain number of the branches 
which had acquired a clavate shape, and do not erect 
themselves above the surface, instead of producing a fertile 
thread, which would seem to have been their first intention, 
become abruptly attenuated, and are merely prolonged into a 
mycelial filament. Although in other species chlamydospores 
are formed in such places on the mycelium, nothing of the kind 
has been traced in this species, more than here indicated. Occa- 
sionally, when germination is arrested prematurely, certain 
portions of the hyphse, in which the protoplasm maintains its 
vitality, become partitioned off. This may be interpreted as a 
tendency towards the formation, of chlamydosporefl, but there is 
no condensation of protoplasm, or investiture with a special 
membrane. Later on this isolated protoplasm is gradually 
altered, separating into somewhat regular ovoid or fusiform 




#icfc 98. Zygospores of Mucor phycomycM, (Van 

* granules, wHch b&ve, to a certain extent, ttie appearance of spores 
in an asctify but they seem to b incapable of germination* 
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Another method of reproduction, not uncommon in Mucorini^ 
is described by Van Tieghem in this species. Conjugating 
threads on the substratum by degrees elaborate sygospores, but 
those, contrary to the mode in other species, are surrounded by 
curious branched processes which emanate from the arcuate cells 
on either side of the newly- developed zygospore. This system 
of reproduction is again noticed more in detail in the chapter 
on polymorphism. 

M. de Seynes has given the details of his examination of tho 
sporidia of 3orcJiella esculenta during germination.* A number 
of those sporidia, placed in water in the morning, presented, at 
nine o'clock of the same evening, a sprout from one of the 
extremities, measuring half the length of tho spore. In the 
morning of the next day this sprout had augmented, and 
become a filament three or four times as long. Tho nexfc day 
these elongated filaments exhibited somo transverse divisions 
and somo ramifications. On the third day, tho germination 
being more advanced, many more of tho sporidia were &B com- 
pletely changed, and prcsenf ed, in consequence of tho elongation, 
the appearance of a cylindrical ruffle, tho cellular prolongations 
arising from the germination having a tendency towards cme of 
tho extremities of the longer axis of tho spondium, and more 
often to the two opposed extremities, either simultaneously or 
successively. Out of many hundreds of sporidia examined 
during germination, ho had only Boon a very few exceptions to 
this rule, among which, h.0 had encountered tho centrifugal 
tendency to vegetate by two oppoeocl filaments, proving that if 
it bears a second by the side of the primal filament sitwted at 
one of the poles, a second would also bo seen from the side of 
the filament coming from tho opponito pole. 

Before being submitted to tho action of water, tlxe contents 
of the sporidia seemed formed of two distinct Jarts^ o&e big 
drop of yellow oil of the same form m the porldkm, with 
the spa/ce between it and the cell wall occupied by a clear liquid, 
more fluid and loss refractive, nearly oolotirledK, or at times 
roseate. As the membrane absorbed the water fry 
Bsal 
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which it was surrounded, the quantity of this clear liquid was 
augmented, and the rosy tint could be more easily distinguished* 
All the contents of the spore, which up to this time remained 
divided into two parts, presented altogether one aspect, only con- 
taining numerous granulations, nearly of equal size, completely 
filling it, and reaching the inner face of the sporic membrane. 

After this time the sporidium augments in size very rapidly, 
becoming at times irregular, and sometimes even as much as 
from two to three times its original dimensions, then there- 
appears at the surface, usually at one of the poles of the ellipse, 
a small prominence, with an extremely fine membrane, which 
does not appear to separate itself from that which surrounds the 
sporidium, and it is difficult to say whether it is a prolongation 
of the internal membrane going across the outside, or simply a 
prolongation caused by a continuation of tissue of an, unique 
membrane. Sometimes there may be seen at the point where 
the primal filament issues from the sporidium a circular mark, 
which appears to indicate the rupture of the external membrane. 
IJYom this time another change comes over the contents. We 
again find the yellow oily liquid, now occupying the external 
position, with some drops of colourless or roseate liquid in tho 
centre, so that the oily liquid and tho more limpid fluid 
interchange the positions which they occupied previous ta 
the commencement of germination. Whether these two fluids 
have undergone any change in their constitution is difficult to- 
determine, at all events the oily liquid appears to bo loss refrac- 
tive and more granular, and it may bo that it is a product of 
new formation, containing some of the elements of the primitive 
oily drop. Having regard to the delicate character of the mem- 
brane of the germinating filaments, De Seynos supposed that it 
might offer greater facility for the entrance of water by eudos- 
mose, and account for the rapid enlargement of the sporidia. By 
a series of experiments he became satisfied that this was the 
case to a considerable extent, but he adds : " I cannot help 
supposing that a greater absorption of greasy matter in tho cell 
wjoict is the first product of germination raises an objection to 
an aqueous end osmose, One can also see in this experience & 
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proof of the existence of two special membranes, and so suppose 
that the germinative cell is the continuation of the internal 
membrane, the external membrane alone being susceptible oi 
absorbing the liquids, at least with a certain rapidity." 

In other Discomycetes germination takes place in a similar 
manner. Boudier * narrates that in Ascobolus, when once the 
spore reaches a favourable place, if the circumstances are good, 
i.e., if the temperature is sufficiently high and the moisture 
sufficient, it will germinate. The time necessary for this pur- 
pose is variable, some hours sufficing for some 
species ; those of A, viridis, for example, germi- 
nate in eight or ten hours, doubtless because, 
being terrestrial, it has in consequence less heat, 
The spore slightly augments in size, then opens, 
generally at one or other extremity, sometimes at 
two, or at any point on its surface, in order to 
pass the mycelium tubes. At first simple, with- 
out septa, and granular in the interior, above 
all at the extremity, these tubes, tho rudiment of 
the mycelium, are not long in elongating, in 
branching, and later in having partitions. Tltcso 
filaments are always colourless, only the spore 
may be coloured, or not. Ooemaoas has described 
them as giving rise to two kinds of conidia,f the FJU, 04, 
one having the form of Torula, when they give 
rise to continuous filaments, the other in the form 
of PenicilUum, when they give birth to partitioned 
De Seynes could never obtain this result. Many times h had seen 
the feniwlliwm glaucwm, invade his sowings, but he fools confident 
that it had nothing to do with the A&cobolus, WL WorouinJ 
has detailed some observations on the sexual phenomena which 
he has observed in Ascobolm and JPeziza, an<3 so far as th scale* 
cite is concerned these have boon confirmed by M, Boudior. 



* Boudior, "M&noire stir VAwsoboloB/' P** *' i 
f Ooemans, ** Spicil/<#e Myoologique," 1 p. & 

"Abtoandtagea to Se<shattbeirg!!oJiCE Naturfor, 
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There is no reason for doubt that in other of the Discomycetes 
the germination of the sporidia is very similar to that already 
seen, and described, whilst in the Pyrenomycetes, as far as we are 
aware, although the production of germinating tabes is by no 
means difficult, development has not been traced beyond this 



* In the very important observations made by Dr. Cunningham at Calcutta, on 
substances floating in the atmosphere, it appeared that the sporidia of many 
jSpkcerice actually germinated after being taken up by the air. The multitude 
of fungus spores i^hich -were observed in erery case was quite extraordinary. 
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SEXUAL REPRODUCTION* 

THE existence of some sort of sexual reproduction IB Fungi has 
long been suspected, although in earlier instances upon insuf- 
ficient grounds ; but of late years observations havo multiplied 
and facts accumulated which leave no doubt of its existence. If 
the 8aprolegni& are left out of the question as disputed Fangi, 
there still remain a number of well authenticated inntances of 
the phenomena of copulation, and many other facts which 
indicate some sort of sexual relationship. The precise manner 
in which those minute bodies, so common amo&gsfc the 
Sflbaronemei, which we prefer to call stylosporos, perform 
their functions is still to a great extent a mystery j yet it Is 
no longer doubted that certain species of Apo&p/i&ria, 
Segtoria, Ac., are only conditions of some Hpocies of 
offcon developed and matured in close proximity to thorn o& the 
same host. In JEoidnm, Smstelw, &c., spermogomaar# pipoduc^d 
plentifully on or ne&r the same spots on which iihe 
appears, either simultaneously or at a later period** The 
tion of Qytispora to Yalta was suspected by Varital v&py m*u*y 
yoars ago, and, as since demonstrated, with very good aptaow* 
AU attempts, however, to establish anything Mko i^ataal repro- 
duction in the higher forms of JXym&noffiyQefai hare A pfre&enfc 
been unsuccessful ; and the same may be said of itoe Gfasteromy* 

; bat in A&comywted and &ty#omy$&t& iM$fe&06S abcmtxc!* 
We know not whether any importaaoe ie to be ^fcteohed to tfafc 

M. Tulaaue liaa devoted a chapter to the spermogooia of tU Urediao* in hi* 
to wifciloili w fcare aJr^wly a*IltwW* 

H 2 
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views of M. A. S. (Ersted,* which have not since been con- 
firmed, but which have been cited with some approval by Pro- 
fessor de Bary, as to a trace of sexual organs in Symenomycetes. 
He is supposed to have seen in Agaricus variaUHs, P., oocysts 
or elongated reniform cells, which spring up like rudimentary 
branches of the filaments of the mycelium, and enclose an abun- 
dant protoplasm, if not even a nucleus. At the base of these 
oocysts appear the presumed anthendia, that is to say, one or two 
slender filaments, which generally turn their extremities towards 
the oocysts, and which more rarely are applied to them. Then, 
without ulterionly undergoing any appreciable modifications, thb 
fertile cell or oocyst becomes enveloped in a network of fila- 
ments of mycelium which proceed from the one which bears it, 
and this tissue forms the rudiments of the cap. The reality of 
some kind of fecundation in this circumstance, and the mode of 
the phenomena, if there is one, are for the present equally un- 
certain. If M. CErsted's opinion is confirmed, naturally the 
whole of the cap will be the product of fecundation. Probably 
Karsten (Bonplandia, 1862, p. 62) saw something similar in 
Agari<ws campestris, but his account is obscure. 

In Phy corny ce* the organs of reproduction have been subjected 
to close examination by Van Tieghem,f and although he failed 
to discover chlamydospores in this, he describes them in other 
Mucors. In this species, besides the regular sexual develop- 
ment, by means of sporangia, there is a so-called sexual repro- 
duction by means of zygospores, which takes place in this wise. 
The threads which conjugate to form the zygospores are slender 
and erect on the surface of the substratum. Two of these 
threads come into close contact through a considerable lengtt y 
and clasp each other by alternate protuberances and depressions. 
Some of the protuberances are prolonged into slender tubes. At 
the same time the free extremities of the threads dilate, and arch 

* CEteted, in "Verfxandl der K&rig. Dan. Resell Der WissenscV 1st January, 
1865; DeBary, "Handbiich der Physiol. Botanik" (1866), p. 172; "Annales 
des Sol Nat." (5 m s&r.), ToL T. (1866), p. 301 

4- Van Ti^fbemandLeMonnier, in "Annales des Soi Nat.* 1 (1873), voL xvii 
* 261. 
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over one towards the other until their tops touch like a TICO, 
each limb of which, rapidly increases in size. Each of these 
arcuate, clavate cells has now a portion of its extremity isolated 
by a partition, by means of which a new hemispherical coll is 
formed at the end of each thread at its point of junction with 
the opposed thread. These cells become afterwards cylindrical 
by pressure, the protoplasm is aggregated into a mass, the double 
membrane at the point of first contact is absorbed, and the two 
confluent masses of protoplasm form a zygospore invested with 
a tubercular coat and enveloped by the primary wall of the two 




conjugating colls. During this formation of the zygospore, the 
two arched colls whence the zygosporo originated develop a 
series of dichotomous processes in closo proximity to tfao walls 
which separate them from the zygospom Theso process 
appear at first on one of tibo arcuate eollis in sticcessiye orxlet. 
The first makes its appearance above upon the convex iicto 5 tho 
succeeding ones to the right and loft in deflomdi&g order 5 the 
last is in the concavity beneath. It is <mljr $&$# the detelopment 
of this that tho first process appears oa the opposite cell, which in 
followed by others in tho same order* Thos0 <Jictotomous pro- 
oe$se are nothing more than h&n&h6 da vetopod from tit awimtfy 
or motto* cells. Daring all these ob^agea, while the ssygospon? 
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enlarges, the wall of the arcuate cells becomes coloured brown. 
This colouring is more marked on the convex side, and it shows 
itself first in the cell on which the dichotomous branches are 
first produced, and which retains the darker tint longer than the 
other. The zone from whence the processes issue, and also the 
processes themselves, have their walls blackened deeply, while 
the walls of the conjugated cells, which continue to clothe the 
zygospore during the whole of its development, are bluish-black. 
By pressure, the thin brittle coat which envelopes the zygospore 
is ruptured, and the coat of the zygospore exposed, formed of & 
thick cartilaginous membrane, studded with large irregular warts. 

The germination of the zygospores in this species has not as 
yet been observed, but it is probably the same or very similar to 
that observed in other species of Mucor. In these the rough 
tuberculate epispore splits on one side, and its internal coat 
elongates itself and protrudes as a tube filled with protoplasm 
and oil globules, terminating in an ordinary sporangium. 
Usually the amount of nutriment contained in the zygospore 
is exhausted by the formation of the terminal sporangium, ac- 
cording to Brefeld ; * but Van Tieghem and Le Monnier remark 
that in their examinations they have often seen a partition 
formed at about a third of the length of the principal filament 
from the base, below which a strong branch is given off, and 
this is also terminated by a large sporangium. 

De Bary has given a precise account of the formation of the 
zygospore in another of the Mucors, jKhizoyus nigricans, in which 
he says that the filaments* which conjugate are solid rampant 
tubes, which are branched without order and confusedly inter- 
mingled. Where two of these filaments meet each of them 
pushes towards the other an appendage which is at first cylin- 
drical and of the same diameter. Prom the first these two 
processes are applied firmly one to the other by their extremities; 
they increase in size, become clavate, and constitute together 
a fesiform body placed across the two conjugated filaments. 
Between, the two halves of this body there exists no constant 
difference of size often they are both perfectly equal. In each 

* BnefoLd, "Bot. Uat. nber ScMnmelpto," p 31. 
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there is collected an abundance of protoplasm, and when they 
have attained a certain development tho largest extremity of 
each is isolated by a septum from the clavule, which thus becomes 
the support or suspender of tho copulative cell. Tho two conju- 




Fio 96. Zygosporo of Rhlssopu* In different ta#08, (Do Baiy.) 



gated cells of the fusiform body are generally unequal ; tho ono 
is a cylinder as long as it is broad, the other is clisciform, and 
its length is only equal to half its breadth. The primitive mem- 
brane of the clavule forms between tho copulative cell a solid 
partition of two membranes, but soen after the cell have become 
defined the medial partition becomes pierced in tho centre, and 
then soon entirely disappears, so that the two twin cell** ar 
confounded in one single zygospore, which is duo to the mnum 
of two more or less similar utricles, After its formation the 
zygospore still increases considerably in size, and aoqttiras a 
diameter of more than one-fifth of a millimetre* Ite form w 
generally spherical, and flattened on the faces trhioa &sv united 
to the suspenders, or it resembles a slightly elongated cask* 
Tho membrane thickens considerably, and consists at the tJm0 
of maturity of two superposed integuments ; the exterior or 
epispore is solid, of a dark Hawkish-blue eolow, smooth cm tke 
plane faces in contact with the suspended but covered eroty- 
where else with thick warts, which CW hollow Ibe&eatBu The 
endospore is tibick and composed of rirreral layers, oolourlaes, 
and covered with warts, which (K^n^pcmd aad fit into tfaose of 
the epispore. The contents of tito aygoirpote fisa?a a 
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granular protoplasm, in wHcli float large oleaginous drops. 
While the zygospore is increasing in size, the suspender of the 
smaller copulative cell becomes a rounded and stipitate utricle, 
often divided at the base by a septum, and which attains almost 
to the size of the zygospore. The suspender of the larger copu- 
lative cell preserves its primitive form and becomes scarcely any 
larger. It is rare that there is not a considerable difference of 
size between the two conjugated cells and the suspenders,* 

Similar conjugation with like results also takes place in 
Syzyqites megalo carpus. In this species the germination of the 
zygospores has been observed. If, after a certain time of repose, 
these bodies are placed on a moist substratum, they emit a 
germ-like tube, which, without originating a proper mycelium, 
develops at the expense of the nutritive material stored in the 
zygospore into a carpophore or fruit bearer, which is many times 
dichotomously branched, bearing terminal sporangia character- 
iptic of the species. 

It has already been remarked by us that the Saprolegnei are 
claimed by some authors as Algae, whilst we are more disposed 
to regard them as closely allied to the Mucors, and as they 
exhibit in themselves strong evidence in support of the existence 
of sexual reproduction, we cannot forbear giving a summary of 
what has been observed by Be Bary and others in this very 
interesting and singular group of plants, to which M. Cornu has 
recently dedicated an exhaustive monograph, f 

prolegnw monoicfy and others, the female organs consist 

ojjgonia that is to say, of cells which are at first globose and 
in plastic matter, which most generally terminate short 
ranches of the mycelium, and which are rarely seen in an 
interstitial position. The constitutive membrane of the adult 
oogonia is reabs orbed in a great many points, and is there 
pierced with roiinded holes. At the same time the plasma is 
divided into a larger or smaller number of distinct portions, 
which are rounded into little spheres, and separate from tho 

* D Bary, " Morphologic und Physiologic der Pike," cap. 5, p. 160 j 
" Aan. des, Sol Nat." (1806), p. 343. 
t Corrra, in "Aw. des Sci Nat" (5** s6r,), rol. xv. p. 1 (1872). 
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walls of the eonceptacle in order to group themselves at the 
centre, where they float in a watery fluid. These gonospheres 
are then smooth and bare, with no membrane on their surface 
of the nature of cellulose. 

During the formation of the oogonia there arise from its 
pedicel or from neighbouring filaments slight cylindrical curved 
branches, sometimes turned round the support of tho oogonia, 
and which all tend towards this organ. Their superior extremity 
is intimately applied to its wall, then ceases to be elongated, 
becomes slightly inflated, and is limited below "by a partition ; 
it is then an oblong cell, slightly 
curved, filled with protoplasm, and 
intimately applied to the oogonia ' 
in fact, an antheridium or organ of 
the male sex. Each oogonium pos- 
sesses one or several antheridia. 
Towards the time when the gono- 
spheres are formed it may be ob- 
served that each anthoridium sends 
to the interior of the oogonia one 
or several tubular processes, which 
have crossed its side wall, and which 
open at their extremity in order to 
discharge their contents* Those, 
while they are flowing out, present some very agile corpuscles* 
and which, considering their resemblance to tho#e in Vauoboriat 
to which the name of spermatozoids are applied, ought ix> be 
considered as the fecundating corpuscles. After tho ov&cnittion 
of the antheridia the gonospheres are found to be covered with 
cellulose ; they then constitute so many oospores, with solid 
walls. Do Bary considers that, bearing in mind analogous 
phenomena observed in Vwohwfa, and the diraci observations 
of Pringshcim,* the cellulose membrane on the surface of the 
gonospheres is only the consequence of a sexual fecundation. 

In AcMya dioica the anthoridium is cylindrical, tho plama 
which it encloses is divided into paHidee, which attain nearly 
* 3?rlngheim' "JttMmGk&r,**r0L H* p* 109, 
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the size of the zoospores of the same plant. These particles 
become globose cells, grouped in the centre of the antheridium. 
Afterwards the contents of these latter cells "become divided 
into numerous bacillary spermatozoids, which first break the 
wall of their mother cell, and then issue from the antheridium. 
These rod-like corpuscles, which resemble the spermatozoids in 
Vaycheria, have their movements assisted by a long cilium. It 
is presumable that here, as in the Algsa, the spermatozoids 
introduce themselves into the cavity of the oogonium, and unite 
with the gonospheres. 

Amongst obscure and doubtful bodies are those described 
by Pringsheim, which have their origin in thick filaments or 
tubes, similar to those which form the zoosporangia, and re- 
present so many distinct little masses of plasma within an 
homogeneous parietal ganglion. The contour of these plastic 
masses is soon delineated in a more precise manner. We 
see in their interior some homogeneous granules, which 
are at first globose, then oval, and finally travel to the 
enlarged and ampullseform extremity of the generating tube. 
There they become rounded or oval cells covered with cellu- 
lose, and emit from their surface one or several cylindrical 
processes, which elongate towards the wall of the conceptacle, 
and pierce it, without, however, ever projecting very far beyond 
it, At the same time the lacunose protoplasm of each cell 
becomes divided into a number of corpuscles, which escape by 
the open extremity of the cylindrical neck. They resemble in 
their organization and agility the spermatozoids of Acklyadioioa. 
They soon become motionless in water, and do not germinate. 
During the development of these organs, the protoplasm of the 
utricle which contains them offers at first completely normal 
Characteristics, and disappears entirely by degrees as they 
increase. De Bary and Pringsheim believe that these organa 
ponstiinite the antheridia of the species of &a$roiegm<t to which 
they belong, 

The oospores of the Sa/prolegniG) when arrived at maturity, 
pbs#e&0 a tolerably thick double integument, consisting of to 
epispore and an endospore. After a considerable time of repose 
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they give rise to tubular or vesicular germs, which, 
being much elongated, produce zoospores.* 

De Bary has claimed for the oogonia in Cystopus and , 
spora a kind of fecundation which deserves mention 
These same fruits, he says, which owe their origin to 
organs, should bear the names of oogonia and anfheridia, 
cording to the terminology proposed by Pringsheim for analo- 
gous organs in the Algce. The formation of the oogonia, or 
female organs, commences by the terminal or interstitial swelling 
of the tubes of the mycelium, which increase and take tho form 
of large spherical or oboval cells, and which separate themselves 
by septa from the tube which carries thorn. Their membrane 
encloses granules of opaque protoplasm, mingled with numerous 
bulky granules of colourless fatty matter. 

The branches of the mycelium which do not boar oogonia 
apply their obtuse extremities against the growing oogonia; 
this extremity swells, and, by a transverse partition, separates 
itself from tho supporting tube. It is tho anthoridmm, or male 
organ, which is formed by this process ; it takes the form of aa 
obliquely clavato or obovato cellule, which 
is always considerably smaller than tho 
oogonium, and adheres to its walls by a 
plane or convex area. The slightly thickonod 
membrane of the antheridia encloses proto- 
plasm which is finely granular, It is seldom 
that more than on 'antheridittm applies 
itself to an oogonium. 

Tho two organs having together achieved 
their development, tho large granules con- , 
tained in tho oogonium accumulate afc its dltm * 
centre to group themselves under the form of an 
globule deprived of a proper membranes, aad grcirrotmdecl by & 
"bed of almost homogeneous protoplasm* This globalo is the 
e 9 or reproductive wphoro, wMo3% through tke mmm of 




* De Bory, in "Annals dee Sdenoes Kittttrellw^ (#** nr.) y roL r. 
, 843 5 Hpi3toeiter' " Handbook '* (FjiOgl), &$. T. p. 188* 
t De Bwcy, h Aamlea dea 0dL Nat" (4** *&*), rot n & m 
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fecundation, should become the reproductive body, vegetable 
egg, or oospore. The gonosphere having been, formed, th 
antheridium shoots out from the centre of its face, close againsl 
the oogonium, a straight tube, which perforates the walls oi 
the female cell, and traversing the protoplasm of its periphery, 
directs itself to the gonosphere. It ceases to elongate itseli 
.as soon as it touches it, and the gonosphere becomes clothed 
with a membrane of cellulose, and takes a regular spheroidaJ 
form. 

Considering the great resemblance of these organs with the 
sexual organs of the Saprolegnise, which 
are closely allied to the Algae, and of 
which the sexuality has been proved, 
De Bary adds, we have no doubt what- 
ever that the phenomena just described 
represent an act of fecundation, and 
. M. ~*a* * ih-Bti ^ e tobe pushed out by the anthe- 

99. Antlieridia and r J 

m of pwonotyora, (Do ndrum should be regarded as a iecun~ 
Bary -> dating tube. It is remarkable that 

amongst these fungi the tube projected by the antheridium 
effects fecundation only by contact. Its extremity never opens, 
and we never find antherozoids ; on the contrary, the anthe- 
ridium presents, up to the maturity of the oospore, the appear- 
ance which it presented at the moment of fecundation. 

The primitive membrane of the oospore, at first very thin, 
soon acquires a more sensible thickness, and becomes surrounded 
by an external layer (epospore), which is formed at the expense 
of the protoplasm of the periphery. This disappears in. propor- 
tion as the epispore attains maturity, and finally there only re- 
mains a quantity of granules, suspended in a transparent watery 
fluid. At the period of maturity, the epispore is a slightly thick- 
ened, resistant membrane, of a yellowish-brown colour, and finely 
punctate. The surface is almost always provided with brownish 
warts, which are large and obtuse, sometimes isolated, and some- 
times confluent, forming irregular crests. These warts are com- 
posed of cellulose, which reagents colour of a deep blue, wMlst 
the m0m]braue which, bears them preserves its primitive colour. 
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One of the warts, larger than the rest, and recognizable by its 
cylindrical form, always forms a kind of thick sheath around 
the fecundating tube. The ripe endospore is a thick, smooth, 
colourless membrane, composed of cellulose containing a bed of 
finely granulated protoplasm, which surrounds a great central 
vacuole. This oospore, or resting spore, may remain dormant 
in this state within the tissues of the foster plant for some 
months. Its ultimate development by production of zoosporcs 
is similar to the production of zoospores from conidia, which 
it is unnecessary to repeat here. The oospore becomes an 
oosporangium, and from it at least a hundred germinating 
bodies are at length expelled. 

Amongst the principal observers of certain phenomena of copu- 
lation in cells formed in the earliest stages of tho Discomycetes 
are Professor de Bary,* Dr. Woronin,f and Messrs. Tulasne. J 
In the Ascobolus pulcherrimus of Orouan, Woronin ascertained 
that the cup derives its origin from a short and flexible tube, 
thicker than the other branches of tho mycelium, and which is 
soon divided by transverse septa into a series of cells, the succes- 
sive increase of which finally gives to the whole a torulose and 
unequal appearance. The body thus formed he calls a " vermi- 
form body." The same observer also seoms to liavo convinced 
himself that there exists always in proximity to this body certain 
filaments, the short arched or inflected brandies of whicli^ like 
so many antheridia, rest their anterior extremities on tho utr> 
form cells. This contact seems to communicate to tho vormifomi 
body a special vital energy, which is immediately directed towantft 
the production of a somewhat filamentous tissue, oa wMch the 
hymenium is at a later period developed* TMs ** vermiform 
body " of M. "Woronin lias since como to bo recognized under 
the name of " scolecite." 

Tulasne observes that this " seoleoito " or ringed body cati te 
readily isolated in AsooMus fitffitracew, Wheu tlio young re* 



* De Ba*y, in " Annales dos Soiencos Natodles" ($** *lr.), p, 348. 
t Woronm, in De Baby's "Beftr, zur, HorpK wd BysioL <ter H!*o/> H* 
Ml. 

Ann. des SdL Not.* ? (5 Ufa), Oetober, 18*4 * 2U, 
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ceptacles are still spherical and white, and have not attained a 
diameter exceeding the one-twentieth of a millimetre, it is suffi- 
cient to compress them slightly in order to rupture them at the 
summit and expel the " scolecite." This occupies the centre 
of the little sphere, and is formed of from six to eight cells, 
curved in the shape of a comma. 

In Peziza melanoloma, A. and S,, the same observer succeeded 
still hotter in his searches after the scolecite, which he remarks 
is in this species most certainly a lateral branch of the filaments 
of the mycelium. This branch is isolated, simple, or forked at a 
short distance from its base, and in diameter generally exceeding 
that of the filament which bears it. This branch is soon arcuate 
or bent, and often elongated in describing a spiral, the irregular 
turns of which are lax or compressed. At the same time its 
interior, at first continuous, becomes divided by transverse septa 
into eight or ten or more cells. Sometimes this special branch 
terminates in a crozier shape, which is involved in, the bent part 
of another crozier which terminates a neighbouring filament. In 
other cases the growing branch is connected, by its extremity, 
with that of a hooked branch. These contacts, however, did 
not appear to Tulasne to be so much normal as accidental. But 
of the importance of the ringed body, or "scolecite," there was 
no room for doubt, as being the certain and habitual rudiment 
of the fertile cup. In fact, inferior cells are produced from the 
flexuous filaments which creep about its surface, cover and sur- 
round it on all sides, while joining themselves to each other. 
At first continuous, then septate, these cells by their union con- 
stitute a cellular tissue, which increases little by little until the 
scolecite is so closely enveloped that only its superior extremity 
-can be seen. These cellular masses attain a considerable volume 
before the hymenium begins to show itself in. a depression of 
their summit. So long as their smaUness permits of their being 
Seen in the field of the microscope, it can. be determined that 
fcey adhere to a single filament of the mycelium Iby the base of 
the seolecite which remains naked. 

Although Tulasne could not satisfy nimself of the presence 
*>f any act of copulation in Ascobolw furfwacew, or 
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melanoloma^ he was more successful with Peziza omphalodes. 
As early as 1860 he recognized the large globose, sessile, and 
grouped vesicles which originate the fertile tissue, but did not 
comprehend the part which these macrocysts were to perform. 
Each of these emits from its summit a cylindrical tube, generally 
flexuous, but always more or less bent in a crosier shape, some- 
times attenuated at the extremity. Thus provided, these utricles 
resemble so many tun-shaped, narrow-necked retorts, filled with 
a granular thick roseate protoplasm. In the middle of these, 
and from the same filaments, are generated elongated clavate 
cells, with paler contents, more vacuoles, which Tulasno names 
paracysts. These, though produced after the macrocyfts, finally 
exceed them in height, and seem to carry their summit so as to 
meet the crozier-like prolongations. It would bo difficult to 
determine to which of theso two orders of colls belongs the 
initiative of conjugation. Sometimes the advance seoms to bo 
on one side, and sometimes on the other. However this may be, 
the meeting of the extremity of the 
connecting tube with the summit of 
the neighbouring paracyst is a con- 
stant feet, observed over and over 
again a hundred times. There is no 
real junction between the dissimilar 
cells above described, except at tho 
very limited point whore they moot., 
and there a circular perforation may 
be discerned at the end, defined by a 
round swelling, which is either barely 
visible or sometimes very decided. 
Everywhere else the two organs may Fra ioo,-0n|ufettt to 
be contiguous, or more or less near to- m * k * M *> flfcfc**) 
gether, but they are free from aay adherence whatever* If tlio 
plastic matters contained in the conjugated c#lls influence one 
another reciprocally, no notable modification i% their &ppeftmno$ 
results at first. The large appendiotJate Wll jsoemn, however, to 
yield to its consort a portion of the plasma it contemn 
thing only can be affirmed from tfom plMmomewH titai tha 
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jugated cells, especially the larger, wither and empty themselves, 
while the upright compressed filaments, which will ultimately 
constitute the asci, increase and multiply.* 

Certain phenomena concerned in the development of the 
Erysiphei belong also to this connection. The mycelium of 
Mrysvphe cichoracearwm, like that of other species, consists of 
branched filaments, crossed in all directions, which adhere as 
they climb to the epidermis of the plant on which the fungus 
lives as a parasite. The perithecia are engendered where two 
filaments cross each other. These swell slightly at this Doint, 
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and each emits a process which imitates a nascent branch, and 
remains upright on the surface of the epidermis. The process 
originating from the inferior filament soon acquires an oval form 
and a diameter double that of the filament ; then it becomes 
isolated from it by a septum, and constitutes a distinct cell, 
which De Bary f terms an oocyst. The appendage which pro- 
ceeds from the inferior filament always adheres intimately to 
this cell, and elongates into a slender cylindrical tube, which 

* Masne, "On the Phenomena of Cppulation in certain Fungi," in "Ann> 
des Soi. Jfct" (1860), p. 211. 

f De Bary> " Morphologic nnd Phys. der Pilze," cap. T. p. 162. 
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terminate!? in an obtuse manner at the summit of the same cell, 
At its base it is also limited by a septum, and soon after another 
appears a little below its extremity at a point indicated before- 
hand by a constriction. This now septum defines a terminal 
short obtuse cell, the anthendium, which is thus borno on a 
narrow tube like a sort of pedicel. Immediately after the 
formation of the antheridia new productions show themselves, 
both around the oocyst and within it Underneath this cell eight 
or ten tubes are seen to spring from the filament which bears it ; 
these join themselves by the sides to each other and to the pedi- 
cel of the antheridium, while they apply their inner face to the 
oocyst, above which their extremities soon meet. Each of the 
tubes is then divided by transverse septa into two or three dis- 
tinct cells, and in this manner the cellular walls of the peri- 
thecia come into existence. 

During this time the oocyst enlarges and divides, without 
its being possible precisely to determine the way in which it 
happens, into a central coll and an outer layer, ordinarily 
simple, of smaller cells, contiguous to the gonoral enveloping 
wall. The central cell becomes the single aseus, which is 
characteristic of the species, and the layer which surround** it 
constitutes the inner wall of its porithccium* The only 
changes afterwards observed are the incroanc in sko of iho 
perithecium, the production of the root-liko filament** which 
proceed from its outer wall, the brown tiut wliicla, it assumes, 
and finally the formation of the sporidia in the m<sn& Tito 
antheridium remains for a long time rocG#ni$5aMo without undor* 
going any essential modification, but the dark colour of tho 
perithecium soon hides it from the observer's oyo. Da Bary 
thinks that ho is authorised in assuming tno proTbalbiKty tliat 
the eonceptacles and organs of fructification of others of the 
Ascom/cetes, Including the DvtGomywfot and tho TribwatiGit are 
the results of sexual generation. 

Certain phenomena which havo been observed amongst 
the Cowiomycetes are citod as examples of seactial association* 
Amongst these may be named the conjugation of the slwjdor 
spores of the first generation, proctaood on tfao germinating 
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threads of Tilletiaj* and similar acts of conjugation, as observed 
in some species of Ustilago. Whether this interpretation should 
be placed on those phenomena in the present condition of our 
knowledge is perhaps an open question. 

Finally, the spermogonia must be regarded as in some occult 
manner, which, as yet has baffled detection, influencing the per- 
fection of sporidia.f In "Rliy- 
tisma^ found on the leaves of 
maple and willow, black pitchy 
spots at first appear, which 
contain within them a golden 
pulp, in which very slender 
corpuscles are mixed with an 
abundant mucilage. These 
corpuscles are the spermatia, 
which in JShytisma aeerinum 
are linear and short, in &Jiy 
tisma salicinim globose. When 
the spermatia are expelled, the 
stroma thickens for the pro- 
duction of asci and sporidia, 
whicliaroaffcorwar a s developed 
during the autumn and winter. 
Several of the species of Systerium also possess spermogonia, 
notably I. JFratfinz, which may be distinguished from the asci- 
gerous perithecia with which they are associated by their smaller 
size and flask-like shape. From these the spermatia are expelled 
long before the maturity of the spores, In Xfypoderma virgul- 
torum^ JET, commune, and JET. scirpinum, tho spemaogo&ia are 
small depressed black capsules, which contain an abundance of 
minute spermatia. These were formerly regarded as distinct 
species, under the name of Leptostroma. In Stiotis ooellata a 
great number of the tubercles do not pass into the perfect state 

* Berkeley, in "Joura. Hort. Soo." vol. 11 p. 107; Masne, "Ann* d, So* 
Na/i" (iw s r .), yoi, H. tab, 12. 

t Wame, "New Ueseardies on the EeprodudJiTe Appsuwtlw* of 
u Complies Jtenta," vol xxxv, (1852), p. 841, 
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until after they liave produced either linear, very short sper- 
matia, or stylospores, the latter being reproductive bodies of an 
oblong shape, equal in size to the perfect sporidia. Some of 
the tubercles never pass beyond this stage. 

Again, there is a very common fungus which forms black dis- 
coid spots on dead holly leaves, called OewtJiospora phaddioides^ 
figured by Grreville in his " Scottish Cryptogamic Flora," which 
expels a profusion of minute stylospores ; but later in the 
season, instead of these, we find the asci and sporidia of Pkaci- 
dium ilicis, so that the two are forms and conditions tho one of 
the other. 

In Tympanis conspersa the spermogonia arc much moro com- 
monly mot with than the complete fruit. There i a great 
external resemblance in thorn to the ascigorous cups, but there 
is no evidence that they are over transformed into such, The 
perfect sporidia are also very minute and numerous, being 
contained in asci borne in cups, which usually surround tho 
spermogonia. 

In several species of Dermatea tho stylospores and spermatia 
co-exist, but they are disseminatod before tlio appearance of the 
ascigerous receptacles, yet they are produced upon a common 
stroma not unlike that of Tulercularia. 

In its early stage the common and well-known Bulgaria 
inquinans, which when mature looks like a black P##fe#, is & 
little tubercle, the whole mass of which is divided into mmified 
lobes, the extremities of which become, towards the 0urface of 
the tubercle, receptacles from whence escape waves of 8fw 
matia which are colourless, or stylosporos mixed with, thoua 
which are larger and nearly black. 

Amongst tho tyhtfriacei numerous instances might Tte oitefl 
of minute stylosporous bodies in consort with, or pwsdffi&g, 
tho ascigorous receptacles* A very familiar owtnplo may bo 
found at tho baso of old nettlo stems in what tas boon n&mt&d 
Apo8$>h<sria acuta, but which truly are oIj tite stylospores of 
the Sgk&ria coniformu, tho poritheoia of which flourish in com* 
pany or in close proximity to them* Most of *hes bodies at 
so mkmte, delicate, and hyilm $bt the diAoalMo0 x& the way 
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of tracing them in their relations to the bodies with which they 
are associated are very great. Nevertheless there is strong pre- 
sumption in favour of regarding some of them as performing 
the functions which the name applied to them indicates. 

Professor de Bary cautiously refrains from accepting spermatia 
other than as doubtful or at least uncertain sexual bodies.* He 
gays that the Messrs. Tulasne have supposed that tne spermo- 
gonia represented the male sex, and that the spermatia were 
analogous to spermatozoids. Their opinion depends on two 
plausible reasons, the spermatia, in fact, do not germinate, 
and the development of the spermogonia generally precedes 
the appearance of the sporophorous organs, a double circum- 
stance which reminds us of what is known of the spormato- 
zoids and antheridia of other vegetables. It remained to 
discover which were the female organs which, underwent 
fecundation from the spermatia. 

Many organs placed at first amongst spermatia have been 
recognized by M. Tulasne as being themselves susceptible of 
germination, and consequently ought to take their place among 
legitimate spores. Then it must be considered that very many 
spores can only germinate under certain conditions. It is, 
therefore, for the present a doubtful question whether there 
exist really any spermatia incapable of germination, or if tho 
default of germination of theso corpuscles does not rather 
depend on the experiments hitherto attempted not having in- 
cluded the conditions required by tho phenomena. Moreover, 
as yet no trace has been discovered of the female organs which 
are specially fecundated by the spermatia. 

Finally, there exist in the Ascomycetes certain organs of 
reproduction, diverse spore-bearing apparatus, pycnidia, and 
others, which, like the spermogonia, usually precede asco- 
phorous fruits. The real nature of the spermogonia and 
spermatia should therefore be regarded as, at present, very 
tmcertaiu; as regards, however, the spermatia which have 
never been seen to germinate, perhaps it is as well not to 
absolutely reject the first opinion formed concerning them, or 
* De Bary, "Morphologie tind Physiologic der Pilze," cap. v. p. 108. 
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perhaps they might be thought to perform the part of antfro- 
spores, attributing to that expression the meaning which 
Pringsheim gives it in tho Conferoce. The experiments per- 
formed with the spermatia which do not germinate, and with 
the spermogonia of the Uredines, do not, at any rate, appear 
to justify the reputed masculine or fecundative nature of these 
organs. The spermogonia constantly accompany or precede 
fruits of Mcidium^ whence naturally follows the presumption 
that the first are in a sexual relation to the second. Still, 
when Tulasne cultivated 'Bndophyllum sempervivum, he obtained 
on some perfectly isolated rosettes of Sempervivum some JEcidiwm 
richly provided with normal and fertile spores, without any trace 
of spermogonia or of spermatia* 
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IX, 

POLYMORPHISM. 

A OEEAT number of very interesting facts Have during late 
years been brought to light of the different forms which fungi 
assume in the course of their development. At the same time, 
we fear that a great many assumptions have been accepted for 
fact, and supposed connections and relations between two or 
three or more so-called species, belonging to different genera, 
have upon insufficient data been regarded as so many states or 
conditions of one and the same plant. Had the very pertinent 
suggestions of Professor de Bary boon more generally acted 
upon, those suspicions would have been baseless. His observa- 
tions are so valuable as a caution, that we cannot forbear prefacing 
our own remarks on this subject by quoting thorn.* In order 
to determine, he says, whether an organic form, an organ, or an 
organism, belongs to the same series of development as another, 
or that which is the same is developed from it, or moe vorsd, 
there is only one way, viz,, to observe how the second grows out 
of the first. We seo the commencement of the second begin as 
a part of the first, perfect itself in connection with it, and at 
last it often becomes independent ; but be it through spontaneous 
dismembering from the fitfst, or that the latter be destroyed 
and the second remains, both their disunited bodies are always 
connected together in organic continuity, as parts of a whole 
(single one) that can cease earlier or later, 

By observing the organic continuity, we know that ihe apple 
Is the product of development of an apple-tree, and not latuag on 

* De Bary, k Quarterly tfeman Magaadixe'' (1872), p 107, 
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it by chance, that the pip of an apple is a product of the develop- 
ment of the apple, and that from the pip an apple-tree can at last 
be developed, that therewith all these bodies are members of a 
sphere of development or form. It is the same with every simi- 
lar experience of our daily life, that where an apple-tree stands, 
many apples lie on the ground, or that in the place where apple- 
pips are sown seedlings, little apple-trees, grow out of the 
ground, is not important to our view of the course of develop- 
ment. Every one recognizes that in his daily life, because ho 
laughs at a person who thinks a plum which lies under an apple- 
tree has grown on it, or that the weeds which appear among the 
apple seedlings come from apple-pips. If the apple-tree with 
its fruit and seed were microscopically small, it would not make 
the difference of a hair's breadth in the form of the question or 
the method of answering it, as the size of tho object can 
be of no importance to the latter, and the questions which apply 
to microscopical fungi are to be treated in the same manner* 

If it then be asserted that two or several forms belong to a series 
of development of one kind, it can only be based on tho fact of 
their organic continuity. The proof is more difficult than in large 
plants, partly because of the delicacy, mirmtonoss, and fragility 
of the single parts, particularly the greater part of the myeolify 
partly because of the resemblance of the latter in different 
species, and therefore follows the danger of confuting them witfe 
different kinds, and finally, partly in consequence of the pra&onoo 
of different kinds in tho same substratum, aad therefore the 
mixture not only of different sorts of mycelia, Itmt also th&t 
different kinds of spores are sown. "With some care &ad par 
tience, these difficulties are in no way insurmountable, aixd they 
must at any rate be overcome; tho organic continuity or non- 
continuity must be cleared up, unless tibo question respecting tibt 
course of development, and the series of forms of epecM kindft, 
be laid on one side as insolvablo. 

Simple and intelligible as these principles aaro, ttey have not 
always been acted upon, but partly neglected, partly expressly 
rejected, not bocause they were considered jW#> but because ibi 
their application *?9we tooted upon a$ i 
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able. Therefore another method of examination was adopted j 
the spores of a certain form were sown, and sooner or later they 
were looked after to see what the seed had produced not every 
single spore but the seed en masse, that is, in other words, 
what had grown on that place where the seed had been sown. 
As far as it relates to those forms which are so widely spread, 
and above all grow in conjunction with one another and that 
is always the case in the specimens of which we speak we can 
never be sure that the spores of tho form which we mean to test 
are not mingled with those of another species. He who has 
made an attentive and minute examination of this kind knows 
that we may be sure to find such a mixture, and that such an 
one was there can be afterwards decidedly proved. From the 
seed which is sown, these spores, for which the substratum was 
most suitable, will more easily germinate, and their development 
will follow the more quickly. The favoured germs will suppress 
the less favoured, and grow up at their expense. The same 
relation exists between them as between the seeds, germs, and 
seedlings of a sown summer plant, and the seeds which have 
been undesignedly sown with It, only in a still more striking 
manner, in consequence of the relatively quick development of 
the mildew fungus. 

Therefore, that from the latter a decided form, or a mixture of 
several forms, is to be found sown on one spot, is no proof of their 
generic connection with one which has boon sown for tho purpose 
of experiments ; and the matter will only be more confused if wo 
call imagination to our aid, and place the forms which are found 
near one another, according to a real or fancied resemblance, in a 
certain, series of development. All those statements on. the sphere 
of form and connection, which have for their basis such a super- 
ficial work, and are not based on the clear exposition of the con- 
tinuity of development, as by the origin of the connection of the 
with Penicillium, Oidium lactis and Mkcor, Oidium and 

are rejected as unfounded. 
* A source of error, which can also interfere in. the test^ianxed 
superficial method of cultivation for experiments, is, vi&, that 
heterogeneous unwished-for spores intrude themselves 
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without, among tlie seed which is sown, but that has been 
until now quite disregarded. It is of great importance in 
practice, but in truth, for our present purpose, synonymous with 
what we have already written. Those learned in the science of 
this kind of culture lay great stress on its importance, and 
many apparatuses have been constructed, called <c purely cultivat- 
ing machines," for the purpose of destroying the spores which 
are contained in the substratum, and preventing the intrusion of 
those from without. The mixture in the seed which is sown 
has of course not been obviated. These machines may, perhaps, 
in every other respect, fulfil their purpose, but they cannot 
change the form of the question, and the most ingeniously con- 
structed apparatus cannot replace the attention and intellect of 
the observer. * 

Two distinct kinds of phenomena have been grouped under 
the term " polymorphy." In one series two or more forms of 
fruit occur consecutively or simultaneously on the same in di- 
vidual, and in the other two or more forms appear on a dif- 
ferent mycelium, on a different part of the same plant, or on a 
matrix wholly distinct and different ; in the latter case the con- 
nection being attested or suspected circumstantially, in the former 
proved by the method suggested by Do Bary. It will at once be 
conceded that in cases where actual growth and development 
substantiate the facts the polymorphy is undoubted, whilst in, tte 
other series it can at best be little more than suspected* W& 
will endeavour to illustrate both those scries by examples, 

One of the first and earliest suspected cases of dualism, wMoB 
long puzzled tho older mycologists, was observed amongst the 
Uredines, and many years ago it was hold that there mtist b& &om# 
mysterious association between the "red rust'* (ZH07*0&v*& ruligo 
vera) of wheat and grasses and tho " corn mildew ** (JPwooinict 

* The method pursued Tby Messrs, Berkeley and Hoffmann, of surrounding the 
chop of fluid, in which a definite number of spores or yeast globule* had been 
placed, with a pellicle of air, into which the germinating throadu might pass 
and fructify, is perhaps the most satisfactory that has Ipeeit adopted, though i* 
requires nice manipulation. If carefully manag&d, the result is irrefragable, 
though doubts h&ye been cast, without ny reason, on their obfierratioaa. 
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graminis) which, succeeded it. The simple spored rust first 
makes its appearance, and later the bil ocular " mildew." It ig 
by no means uncommon to find the two forms in the same pus- 
tule. Some have held, without good reason, that the simple 
cells became afterwards divided and converted into Puccinia, 
but this is not the case ; the uredo-spores are always simple, and 
remain so except in Vredo linearis, where every intermediate 
sfcage has been observed. Both are also perfect in their kind, 
aid capable of germination. 

What the precise relations between the two forms may be has 
as yet never been revealed to observers, but that the two forms 
belong to one species is not now doubted. Tory many species 
of Puocinia have already been found associated with a corre- 
sponding Trioliobasis, and of PJiragmidinm with a relative Lecy- 
tliea^ but it may bo open to grave doubt whether somo of the 
very many species associated by authors are not so classed upon 
suspicion rather than observation. We are ready to admit that 
the evidence is strong in favour of the dimorphism of a large 
number of species it may be in all, but this awaits proof, or 
substantial presumption on good grounds. Up to the present we 
know that there are species of fflrichofians which have never 
been traced to association with a JPuccinia, and doubtless there 
will be species of Puccinia for which no corresponding Vredo 
or Tricliobasis can be found. 

Tulasne remarks, in reference to Puacinia $onc7ti, in. one of hia 
memoirs, that this curious species exhibits, in eflect, that a Pw- 
cinia may unite three sorts of reproductive bodies, which> taking 
part, constitute for the mycologists of the day three entirely dif- 
ferent plants a 3Hcholasis t a Uromyees, and a Pwoinia, Tho 
Uredines are not less rich, he adds, in reproductive bodies of 
divers sorts than the Pyrenomycetea and the Discoynyoetes ; and 
wo should not be surprised at this, since it seems to be a law? 
almost constant in the general harmony of nature, that the 
i&aaller the organized beings are, the more their races wo 
prolific, 

In Pud&inwc vcwiaHliS) Grev., it Is cotatnon to find a unicellular 
form, species of tfriehobasis, in the same pustules. 
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stance occurs with Puccinia violarum, Link., aadTrichofiasis mo~ 
larwm, B.; with. Puccinia fallens, C., arid Trichob a sis fallens, Desm.; 
also with Puccinia mentJice, P., and Triclidba&is Labiatarum? D. C. 
In Jtfelampsora, again, the prismatic pseudo-spores of Melampsora 
salicina, Lev., are the winter fruits of Leeythea caprearum, Lev., 
as those of Melampsora populina, Lev., are of Lecythea populina^ 
Lev. In the species of Lecythea themselves will be found, as De 
Bary * has shown, hyaline cysts of a larger size, which surround 
the pseudospores in the pustules in which they are developed. 

A good illustration of dimorphism in one of the commonest of 
moulds is given by De Bary in a paper from which we have 
already quoted. 1 )- He writes thus : In every household there is 
a frequent unbidden guest, which appears particularly on pro- 
served fruits, viz., the mould which is called A&pergillm glaucm* 
It shows itself to the naked eye as a woolly floccy crust over 
the substance, first purely white, then gradually covered with 
little fine glaucous, or dark green dusty heads. More minute 
microscopical examination shows that the fungus consists of 
richly ramified fine filaments, which are partly disseminated in 
the substratum, and partly raised obliquely over it. They iiave 
a cylindrical form with rounded ends, and are divided into long 
outstretched members, each of which poswessos the property 
which legitimatizes it as a vesicle in the ordinary sense of i& 
word ; it contains, enclosed within a delicate structureless wall, 
those bodies which bear the appearance of a finely grantd&tod 
mucous substance, which is designated by the name of proto- 
plasm, and which either equally fills the cells, or the older the 
cell the more it is filled with watery cavities called vacnoles* 

All parts are at first colourless. The increase in tho length 
of the filaments takes place through tho preponderating growth 
near their points ; these continually puelt forward, and* at a 
short distance from them, successive new partitions rise up, 
"but at a greater distance, the growth in the length coasas. 
This kind of growth is called point growth. The twigs and 



* DeBary, " Tiber die Bmapte" (Berlin, 185$), pi ir. figs, 3, 4, 5* 

t A. <li&B*ry, oaMildeYand FwmentiybioEu itt " Qwt&rity Qt&mm H$$witt&* 



188 FUNGI. 

branches spring up as lateral dilatations of the principal fila 
ment, which, once designed, enlarges according to the poin 
growth. This point growth of every branch is, to a certaii 
extent, unlimited. The filaments in and on the substratum art 
the first existing members of the fungus ; they continue so long 
as it vegetates. As the parts which absorb nourishment from and 
consume the substance, they are called the mycelium. INearlj 
every fungus possesses a mycelium, which, without regard to 
the specific difference of form and size, especially shows the 
described nature in its construction and growth. 

The superficial threads of the mycelium produce other fila- 
ments beside those numerous branches which have been described, 
and which are the fruit thread (carpophore) or conidia thread. 
These are on an average thicker than the mycelium threads, and 
only exceptionally ramified or furnished with partitions,- they 
rise almost perpendicularly into the air, and attain a length of, 
on an average, half a millimetre, or one-fiftieth of an inch, but 
they seldom become longer, and then their growth is at an end. 
Their free upper end swells in a rounded manner, and from this 
is produced, ou the whole of its tipper part, rayed divergent 
protuberances, which attain an oval form, and a length almost 
equal to their radius, or, in weaker specimens, the diameter of 
the rounded head. The rayed divergent protuberances are the 
direct producers and bearers of tho propagating cells, spores, 
or conidia, and are called sterigmata. Every sterigma at first 
produces at its point a little round protuberance, which, with a 
strong narrow basis, rests upon the sterigma. These are filled 
with protoplasm, swell more and more, and, after some time, 
separate themselves by a partion from the sterigma into inde- 
pendent cells, spores, or conidia. 

The formation of the first spore takes place at the same end 
of the sterigma, and in the same manner a second follows, then 
a third, and so on; every one which springs up later pushes 
its predecessor in the direction of the axis of the sterigma in 
the same degree in which it grows itself ; every successive spore 
formed from a sterigma remains for a time in a row with one 
another. Consequently every sterigma bears on its apex a chaia 
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of spores, which are so much the older, the farther they stand 
from the sterigma. The number of the links in a chain of spores 
reaches in normal specimens to ten or more. All sterigmata 
spring up at the same time, and keep pace with one another 
in the formation of the spores. Every spore grows for a time, 
according to its construction, and at last separates itself from 




FIG. lOS.a. AspergitluK glmw* ; 6. conidiaj c, germinating oontdtutt; d, con- 
coptaclo of JHurotium , <?. ascus, 

its neighbours. The mass of dismembered flporos forms that 
fine glaucous hue which is mentioned above, Tlio spores, there- 
fore, are articulated in rows, one after the other, from tho eudg 
of the sterigmata. The ripo spore, or comdmm, is a coll of a 
round or broadly oval fora, filled with a odourless protoplasm* 
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and, if observed separately, is found to be provided with 
brownish, finely verruculose, dotted wall. 

The same mycelium which forms the pedicel for the conidi 
when it is near the end of its development, forms by norms 
vegetation a second kind of fructification. It begins as delicat 
thin little branches, which are not to be distinguished by th 
naked eye, and which mostly in four or six turns, after a quickl t 
terminated growth, wind their ends like a corkscrew. (Fig. 102, 
The sinuations decrease in width more and more, till they at las 
reach close to one another, and the whole end changes from th 
form of a corkscrew into that of a hollow screw. In and 01 
that screw-like body, a change of a complicated kind takes place 
which is a productive process. In consequence of this, from thi 
screw body a globose receptacle is formed, consisting of a thii 
wall of delicate cells, and a closely entwined row of cells sur< 
rounded by this dense mass (d). By the enlargement of all these 
parts the round body grows so much, that by the time it is rip* 
it is visible to tho naked eye. The outer surface of the wal 
assumes a compactness and a bright yellow colour; the greatei 
part of the cells of the inner mass become asci for the formation 
of sporidia, while they free themselves from the reciprocal union, 
take a broad oval form, and each one produces within its innei 
space eight sporidia (<?). These soon entirely fill the ascus. 
When they are quite ripe, the wall of the conceptacle becomes 
brittle, and from irregular fissures, arising easily from contact, 
he colourless round sporidia are liberated. 

The pedicels of both kinds of fruit are formed from the same 
mycelium in tlie order just described. If we examine attentively, 
we can often see both springing tip close to one another from the 
same filament of a mycelium This is not very easy in the close 
interlacing of the stalks of a mass of fungi in consequence of 
their delicacy and fragility. Before their connection was known, 
th couceptaoles and the conidia pedicels were considered as 
organs of two very different species of fungi The conceptacles 
yere called Uwrotitm ^er^ariorim^ and th conidia bearera were 



Allied to Jihwotiufo is the group of Jfrywphei) in which well*- 
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authenticated polymorphy prevails. These fungi are developed 
on the green parts of growing plants, and at first consist of a 
white mouldy stratum, composed of delicate mycelium, on which 
erect threads are produced, which break up into subglobose 
joints or conidia. The species on grass was named Oidium 
monilioides before its relationship was known, but undoubtedly 
this is only the conidia of Eryslplie graminis. In like manner 
the vine disease (JOidium Tuckeri) is most probably only the 
conidia of a species of HJrysipJie, of which the perfect condition 
has not yet been discovered. On roses the old Oidium leuco- 
conium is but the conidia of Spli&rotlieca pannosa^ and 80 
of other species. The 'Erydplie which ultimately appears on 
the same mycelium consists of globose perithecia, externally 




v> 

Pia 103 ErysipJw cichoracearum* <t. Receptacle ; o, mycelium, 

furnished with thread-like appendages, and internally with 
containing sporidia. In this genus there are no less tana fire 
different forms of fruit,* the multiform threads OB the mycelium, 
already alluded to as forms of OidiiWt the asci contained in. 
the sporangia, which is the proper fruit of tho Erysipke, largor 
stylospores which arc produced in other sporangia, the smaller 
stylospores which arc generated in the pjonidia, and separate 
spomles which are sometimes formed in the joints of the neck- 
laces of the conidia* These forms ate figttred in the " Introduction 

* Berkeley, "Introd. Crypt Boi*' p. 78> % 20, 
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to Cryptogamic Botany " from SpJicerofkeca Castagnei 9 which is 
the hop mildew.* The vine disease, hop mildew, and rose 
mildew, are tho most destructive species of this group, and the 
constant annoyance of cultivators. 

When first describing an allied fungus found on old paper, and 
named Ascotricha cliartarum^ the Rev. M. J. Berkeley called atten- 
tion to the presence of globose conidia attached to the threads 
which surround the conceptacles,t and this occurred as long 
since as 1838. In a recent species of UhcBtomiiim found on old 
sacking, Chest omium griseum, Cooke, J we have found tufts in all 
respects similar externally to the Ch&tomium, but no perithecium 
was formed, naked conidia being developed apparently at the 
base of the coloured threads. In Chcetomium funieolum, Cooke, 
a black mould was also found which may possibly prove to be 
its conidia, but at present there is no direct evidence. 

The brothers Tulasne have made us acquainted with a greater 
number of instances amongst the SpJiceriacei in which multiple 
organs of reproduction prevail. Very often old and decaying 
individuals belonging to species of 'Boletus will be found filled, 
and their entire substance internally replaced, by tho threads and 
multitudinous spores of a golden yellow parasite, to which tho 
name of Sepedonium chrysospermum has been given. According 
to Tulasne, this is merely a condition of a sphooriacoous fungus 
belonging to his gonns Hypomyces. 

The same observers also first demonstrated that TricJioderma 
viride, P,, was but the conidia-bearing stago of Ilypocrea rnfa, 
P., another sphooriaccous fungus. The ascigerous stroma of the 
latter is indeed frequently associated in a very close manner with 
the cushions of the pretended Trichoderma? or in other cases the 
same stroma will give rise to a different apparatus of conidia, 
of which the principal elements are acicular filaments, which are 
short, upright, and almost simple, and which give rise to small 

* See also Berkeley, in "Trans. Hort. Soo. London/' voL ix, p. 68. 
f Berkeley, in "Ann. Nab. Hist." (June, 1838), No. 116. 
$ " Grevillea/' vol. i p. 170. 

Tulasne, "On Certain Fungicolous Spfceerije/'i n "Ann. des Sea. Nat," 
, adit (1800), p. 5, 
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oval conidia which are solitary on the tips of the threads 
Therefore this Hypocrea will possess two different kinds of 
conidia, as is the case in many species of Htypomyces. 

A most familiar instance of dualism will be found in Nectna 
cinnabanna, of which the conidia form is one of the most common 
of fungi, forming little reddish nodules on all kinds of dead 
twigs * 

Almost any small currant twig which has boon lying on the 
ground in a damp situation will afford an opportunity of studying 
this phenomenon. The whole surface of the twig will be covered 
from end to end with little bright pink prominences, bursting 
through the bark at regular distance*, scarcely a quarter of an 
inch apart. Towards one end of the twig probably the pro- 
minences will be of a deeper, richer colour, liko 
powdered cinnabar. The naked eye is sufficient 
to detect some difference between the two kinds 
of pustules, and whore the two merge into each 
other specks of cinnabar will be visible on the 
pink projections. By removing the bark it will 
be seen that the pink bodies have a sort of 
paler stem, which spreads above into a Homowbat 
globose head, covered with a delicate mealy bloom. 
At the base it penetrates to the inner bark, and 
from it the threads of mycelium branch in all 
directions, confined, however, to the bark, and 
not entering the woody tissues bonoath. The 
head, placed under examination, will bo found to 
consist of delicate parallel threads compacted to- 
gether to form the stem and head. Some of those 
threads are simple, others are branched, bearing 
here and there upon them delicate little bodies, ' 
whicB. are readily detached, and which form the '**. 
mealy bloom which covers the surface These are tb.o conidui, 
little slender cylindrical bodies, rounded at tho ends. 
Passing to the other bodies, which aro of a deepor colour, it 

* "A Currant Otorig, and Something on ly k ''Gardener's Chronicle. * 
January 28, 1871, 
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will soon be discovered that, instead of being simple ronnded 
heads, each tubercle is composed of numerous smaller, nearly 
globose bodies, closely packed together, often compressed, all 




Fi. 105. Section of Tuberculana c. Threads with conidia * 



united to a base closely resembling the base of the other 
tubercles. If for a moment we look at one of the tubercles near 
the spot where the crimson tubercles seem to merge into the 
pink, we shall not only find them particoloured, but that the red 
points are the identical globose little heads just observed in 
clusters. This will lead to the suspicion, which can afterwards 
be verified, that the red heads are really produced on the stem 
or stroma of the pink tubercles. 

A section of one of the red tubercles will show us how much 
the internal structure differs. The little subglobose bodies 
which spring from a common stroma or stem are hollow shells 
or capsules, externally granular, internally filled with a gelatinous 
nucleus. They are, indeed, the perithecia of a sphasriaceous 
fungus of the genus Nectria, and the gelatinous nucleus contains 
the fructification. Still further examination will show that this 
fructification consists of cylindrical asci, each enclosing eight 
elliptical sporidia, closely packed together, and mixed with 
slender threads called paraphyses. 

Here, then, we have undoubted evidence of Nectria cima- 
l&rina, with its fruit, produced in asci growing from the stroma 
OT stem, and in intimate relationship with what was formerly 
Horned Ttyberwtrlnna vutyaris. A fungus with two forms of fruit, 



Kge* 104 to 106 t?y permission from tb$ " Gteurdejaer's Ohronicle." 
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one proper to the pink, or Tuberoularia form, with naked slender 
conidia, the other proper to the mature fungus, enclosed in asci, 
and generated within the walls of a perithecium, Instances of 
this kind are now known to be far from uncommon, although 




Fto. 106, D, Nectna surrounding Tubercwtaria ; B. tuft of fftetria cinnabaritux. ; 
F. section of stroma ; G. nscus and parapliyses. 

they cannot always, or often, bo so clearly and distinctly traced 
as in the illustration which, we have selected. 

It is not uncommon for the conidia of the Sp&aria to partake 
of the characteristics of a mould, and then the porithecia w 
developed amongst the conidial threads, A rocontiy recorded 
instance of this relates to Spftaria JEj)ochnii t B and Br* ? * the 
conidia form of wirich was long known before the 
related to it was discovered, under the name of 
fungorim. The lEpocJmium forms a thin strataxo, wMeh over* 
runs various species of Oorticium* The coaidia aw at first mu- 
septate. The porithecia of the $ph&ria are at first pale bottle 
green, crowded in the centr of the UpooTtnim^^ tiien black green 
granulated, sometimes depressed at the Bttmmit, wiiit a miaute 
pore. The sporidia are strongly constricted in the centre, at 
first uniseptate, with two mxdoi in each division 

Another Sgharia in wbicli tibe associatioii is undoubted is the 



* Berkeley and Broome, in "Artnal* 0* 
pi. y. fig, Se; Ctafa, Bhttdboo1k, w tt. fy 



Ektory" (I860), No, 1177, 
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Splceria aquila, Fr.,* which is almost always found nestling in a 
woolly brown subiculum, for the most part composed of barren 
brown jointed threads. These threads, however, produce, under 
favourable conditions, mostly before the perfection of the peri- 
thecia, minute subglobose conidia, and in this state constitute 
what formerly bore the name of SporotricJium fitscum, Link., but 
now recognized as the conidia of SpJiceria aquila. 

In Splicerianidulans, Schw., a North American species, wo have 
more than once found the dark brown subiculum bearing large 
triseptate conidia, having all the characters of the genus Ilelmin- 
thospwiwni In Spli&na pilosa^ P., Messrs Berkeley and Broome 
have observed oblong conidia, rather irregular in outline, ter- 
minating the hairs of the perithocium.f The same authors 
have also figured tho curious pentagonal conidia springing from 
flexuous threads accompanying Spli&ria felina, Fckl.,J and also 
the threads resembling those of a Cladotrichum with the angular 
conidia of Spli&ria cupultfera, B. and Br. A most remarkable 
example is also given by tho Brothers Tulasne in. Pleospora 
polytrichfy in which the conidia-bearing threads not only 
surround, but grow upon tho porithecia, and aro crowned by 
fascicles of septate conidia. || 

Instances of this kind have now become so numerous that 
only a few can bo cited as examples of tho rest. It in not at all 
improbable that tho majority of what aro now clasnod together 
as species under tho genus of black moulds, lldmlnlliosporium^ 
will at some not vory distant period bo traced aw tho conidia of 
different species of ascomycotouB fungi. Tho same fato may 
also await other allied gonora, but until this aHsociation is 
established, they must keep tho rank and position which has 
been assigned to them. 

Another form of dualism, differing somewhat in character 

* Oooke, "Handbook," ii. p. 858, No. 2549 ; specimens in Cooke's " 
Britoanid Bxaiccati," No, 270. 
f B0rk > *nd Br, "Ann. Nat. Hist." (1805), No. 1006. 
% k < Ann, Not, Hiwt." (1871), No. 1832, pi xx, fig. 23, 
Xtyd, No* 1388, pi. xxl fig* 24, 
I! (Pulque, ft SeUota Etmgoruni Carpologia," & P* 209, pi. 20. 
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from the foregoing, finds illustration in the sphrariaceous genus 
Melanconis , of Tulasne, in which the free spores are still called 
conidia, though in most instances produced in. a sort of spurious 
conceptaculum, or borne on short threads from a kind of 
cushion-shaped stroma. In the Melanconis stilbostomai* there 
are three forms, one of slender minute bodies, oozing out in the 
form of yellow tendrils, which may bo spermatia, formerly called 
Nemaspora crocea. Then there are the oval brown or olive brown 
conidia, which are at first covered, then oozing out in a black 
pasty mass, formerly Melanconiwn licolor, and finally tho sporidia 
in asci of Sphceria stilbostoma, Fries. In Melanconis BerJceleii, 
Tul., the conidia are quadrilocular, previously known as Stilbo~ 
spora macrosperma, B. and Br. In a closely-allied species from 
JNTorth America, Melanconis licornis, Cooke, the appondiculate 
sporidia are similar, and the conidia would also appear to partake 
of the character of Stilbospora. We may remark hero that wo 
have seen a brown mould, probably an undoscribed species of 
Dematiei, growing in definite patches around tho openings in 
birch bark caused by the erumpent ostiola of tho peritheeia of 
Melanconis stilbostoma, from tho United States. 

In Melanconis lanciformisft Tul., there are, it would appear, 
four forms of fruit. One of these consists of conidia, charac- 
terized by Oorda as Coryneum disciforme^ Stylospores, which 
are also figured by Oorda under the name of OonMhddum 
linum; pycnidia, first discovered by Berkeley and Broome, 
named by them Hendersonia poly cyst Is ; || and the ascoph 
fruits which constituted the Sph&ria lantiformi* of BYies* life 
Currey indicated Hendersonia pofycystis, B, and Br,, as a form 
of fruit of this species in a communication to the Boyal Sooioty 
in ISt^.f He says this plant grows upon birch, and is in per- 
fection in very moist weather, when it may bo recognized by the 

* Cooke, "Handbook," ii p. 878; Tulasno, "CarpologiV* IL p. ISO, 
plate 14. 

f Tulaane, "Seleeta Fung. Carp.," ii plate 11 
J Oorda, " Iconos FuDgonim,'* voL lit fig. 91, 
Oorda, "Icones," vol. 1 fig. 25* 
B Berk, and Br. " Ann. Nat. HUt," No. 416. 
IT Ourrey, in " Efcilosopk Trans. Boy, Soe." (185fr), ph 25. 
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large black soft gelatinous protuberances on tlie bark, formed 
by spores escaping and depositing themselves upon and about 
the apex of the perithecium. This I suspect to be an abnormal 
state of a well-known Sphseria (& lanciformis), which grows 
upon birch, and upon birch only. 

We might multiply, almost indefinitely, instances amongst the 
Bph&riaceii bnt have already given sufficient for illustration, and 
will therefore proceed briefly to notice some instances amongst 
the Discomycetes, which also bear their complete or perfect fruit 
in asci. 

The beautiful purple stipitate cups of Bulgaria sarcoides, 
which may be seen flourishing in the autumn on old rotten 
wood, are often accompanied by club-shaped bodies of tho same 
colour; or earlier in tho season these clavate bodies may be 
found alone, and at one time bore the name of Tremello, 
mrcoides. The upper part of these clubs disseminate a great 
abundance of straight and very slender spermatia. Earlier than 
this they are covered with globose eonidia. The fully-matured 
Bulgaria develops on its hymenium clavate delicate asci, each 
enclosing eight elongated hyaline sporidia, so that we have three 
forms of fruit belonging to tho same fungus, viz. conidia and 
spermatia in the Tremella stage, and sporidia contained in asci 
in the mature condition.* The same phenomena occur with 
Bulgaria purpwea, a larger species with different fruit, long 
confounded with Bulgaria sarcoides. 

On the dead stems of nettles it is very common to meet with 
small orange tubercles, not much larger than a pin's head, 
which yield at this stage a profusion, of slender linear bodies, 
produced on delicate branched threads, and at one time bore the 
name of Dacrymyces TTyticfy but which are now acknowledged to 
be only a condition of a little tremelloid Peziza of the same size 
and colour, which might be mistaken for it, if not examined 
Witt the microscope, but in which there are distinct asci and 
ejporidia. Both forms together, are aiow regarded as the same 
under the name of Pezista fusarioides, B. 



* Wasnte, ** On the Eeproductire Apparatus of Fuugi," ia " Comptes Kendtta' 4 
(1852), p } 8il ; ajad fti&Bfce, " S^leota Eungojnutt Oaarpologia," rol. Hi. 
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The other series ef phenomena grouped together under the 
name of polymorphism relate to forms which are removed from 
each other, so that the -mycelium is not identical, or, more 
usually, produced on different plants. The first instance of this 
kind to which we shall make reference is one of particular 
interest, as illustrative of the old popular creed, that berberry 
bushes near corn-fields produced mildewed corn. There is a 
village in ^Norfolk, not far from Great Yarmouth, called *' Mil- 
dew Rollesby," because of its unenviable notoriety in days past 
for mildewed corn, produced, it was said, by the berberry 
bushes, which were cut down, and then, mildew disappeared 
from the corn-fields, so that Rollesby no longer merited its 
sobriquet. It has already been shown that tho corn-mildew 
(Puccinia fframinis) is dimorphous, having a one-celled fruit 
(Tricholasis), as well as a two-celled fruit (Puccinia). The 
fungus which attacks the berberry is a species of clustor-cup 
(Mcitiiwrn lerberidis)^ in which little cup-like peridia, containing 
bright orange pseudospores, are produced in tufts or clusters on 
the green leaves, together with their spcrmogonia. 

De Bary's observations on this association of forms wore pub- 
lished in 1865.* In view of tho popular belief, he determined 
to sow the spores of Pwtinw graminu on tho loaves of tho bor* 
berry. For this purpose he selected tho septate resting spores from 
Poapratensis and Triti&im rcpens* Having caused tho #poro# to 
germinate in a moist atmosphere, he placed fragments of the 
leaves on which they had developed their secondary spores on 
young but full-grown berberry leaves, under the same atmo- 
spheric conditions. In from twenty -four to fortyeig;ht hours 
a quantity of the germinating thread** had bored through tib 
walls and penetrated amongst the subjacent cellsu Tfois took 
place both on the tipper and under surface of the leaves. Since, 
in former experiments, it appeared that the spores would 
penetrate only in those cases where the plant was adapted to 
develop tine parasite, the connection between JP. grtmifoi and 



* "Monatsboriolit der Koniglioliou Frew, Aiwl, <ler Wiimenieliaften an 
Berlia," Jaa* 1805; Sitmttary, in ^Jotjiw* Boy. Horfc. Soc,, Ixmclcm/' y<& 1 
BUS* p. 107. 
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Mcid*. lerberidis seemed more than ever probable. In about ten 
days the spermogonia appeared. After a time the cut leaves 
began to decay, so that the fungus never got beyond the 
spermogonoid stage. Some three-year-old seedlings were then 
taken, and the germinating resting spores applied as before. 
The plants were kept under a bell-glass from twenty-four to 
forty-eight hours, and then exposed to the air like other plants. 
Prom the sixth to the tenth day, yellow spots appeared, with 
single spermogonia j from the ninth to the twelfth, spormogonia 
appeared in numbers on either surface ; and, a few days later, 
on the under surface of the leaves, the cylindrical sporangia 
of the JEiddv&m made their appearance, exactly as in the 
normally developed parasite, except that they were longer, 
from being protected from external agents. The younger the 
leaves, the more rapid was the development of the parasite, and 
sometimes, in the younger loaves, the luxuriance was far greater 
than in free nature. Similar plants, to the number of two 
hundred, were observed in the nursery, and though some of them 
had JEcidium pustules, not one fresh pustule was produced ; 
while two placed under similar circumstances, but without the 
application of any resting spores, remained all the summer free 
from Mcidium* It seoms, then, indubitable so far that 
lerleridis does spring from the spores of Puccinia 

It has, however, to bo remarked that Do Bary was not equally 
successful in producing the Puccinia from the spores of the 
Mcidiwtn* In many cases the spores do not germinate when 
placed on glass, and they do not preserve their power of germi- 
nating very long. He reverts then to the evidence of oxperi- 
mects instituted by agriculturists. Bonninghausen remarked, in 
1818, that wheat, rye, and barley which were sown in the neigh- 
bourhood of a berberry bush covered with Mci&ium contracted 
rust immediately after the maturation of the spores of the Mcidia, 
The rust was most abundant where the wind carried the spores. 
The following year the same observations were repeated ; the 
Spores of the Mcidium were collected, and applied to some healthy 
plants of rye. After five or six days these plants were affected 
with rust, wl^ile the remainder of the crop was sound. In 1868 
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some winter rye was sown round a berberry bush, which in the 
following year was infested with Mcidium, which was mature in 
the middle of May, when the rye was completely covered with 
rust. Of the wild grasses near the bush, Trlticum repens was 
most affected. The distant plants of rye were free from rust. 

The spores of the Mcidium would not germinate on berberry 
leaves ; the berberry Mddium could not therefore spring from 
the previous J&CI&IWM,. The uredospores of Puccinia grot/minis 
on germinating penetrate into the parenchym of tho grass on 
which they are sown; but on berberry leaves, if tho tips of the 
threads enter for a short distance into the stomates their growth 
at once ceases, and the leaves remain free from parasites. 




FIG. 107. Colls and psoudosporos of JBeu/twn berbcndw. 

Montague has, however, described a Pmcinia berberidu on 
leaves of Berleris glauca from Chili, which growB in oompaay 




Fro. 108 Colls and psoudosporos of JKctdium 

with JEtidium lerberidis. This at firt sight seems to contradict 
the above conclusions ; but the MMiim which from the same 
disc produces the puccinoid resting spores, appears to be dif- 
ferent from the European species, inasmuch as the cells of the 
wall of the sporangium are twice as largo, and the spores de- 
cidedly of greater diameter,* The resting spores, moreover, 
* We loaro before us an dficictium on lwe of Bet* Sew wfycvrfs, collected *kt 
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differ not only from those of Puccinia graminis, but from those 
of all other European species. 

Erom this account, then, it is extremely probable that the 
Mcidium of the berberry enters into the cycle of existence of 
Puccinia graminis, and, if this 'be true, wherefore should not 
other species of Puccinia be related in like manner to other 
Mddict ? This is the conclusion to which many have arrived, 
and, taking advantage of certain presumptions, have, we fear, 
rashly associated many such forms together without substantial 
evidence. On the leaves of the primrose we have commonly a 
species of JEjcidiuwi) Puccinia, and Uromyces nearly at the same 
time ; we may imagine that all those belong to one cycle, but 
it has not yet been proved. Again, Uromyces cacaUtf, linger, 
Uredo cacali&i Ungor, and JEuidium cacallcB^ Thumon, are con- 
sidered by Heuflor * to form one cycle. Numerous others are 
given by Fucke^t and ^ Bary, in the same memoir from which 
we have already cited, notes Uromyces appendiculatW) Lint, 
TT. phaseolorum, Tul., and Puccinia tragopogonis^ Oa,, as possessing 
five kinds of reproductive organs. Towards the end of the year, 
shortly stipifcate spores appear on their stroraa, which do not fall 
off. These spores, which do not germinate till after a shorter or 
longer winter rest, may conveniently bo called resting spores, or, 
as Do Bary calls them, teleutospores^ being the last which are 
produced. These at length germinate, become articulated, and 
produce ovate or kidney-shapod spores, which in their turn 
germinate, ponotrating the cuticle of tho mother plant, avoiding 
the stomates or apertures by which it breathes. After about 
two or throo weeks, the mycelium, which has ramified among tho 

Berne by Shufctloworth In 1838. It is named by "him jfacitlvm, graveolms, and 
differs in the following particulars from jffcidium lerb&ridis. The peridia are 
scattered as hi M. J&piloUi, and not collected in clusters. They are not so 
mtujli elongated, Tho 0oll are larger, and tho orange spores nearly twice the 
diameter* There is a decided, strong, but unpleasant odour in the fresh plant ; 
Jwjnee the name. The abore figures (figs. 107, 108). of the cells and spores of 
loth $eo^a are drawn by camera lueida to the same scale 880 diameters. 

ron HohenbiiVel-Heute, ia ".QSsterr, Botan. Zeitschriffa, 1 ' 



ftufeil, "fcy^ote Mycologies" (1869), p, 40. 
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tissues, produces an Mcidium^ with its constant companion, sper- 
mogonia distinct cysts, that is, from which a quantity of minute 
bodies ooze out, often in the form of a tendril, the function of 
which is imperfectly known at present, but which from analogy 
we regard as a form of fruit, though it is just possible that they 
may be rather of the nature of spermatozoids. The jSficidia 
contain, within a cellular membranous sac, a fructifying disc, 
which produces necklaces of spores, which ultimately separate 
from each other in the form of a granular powder. The grains 
of which it is composed germinate in their turn, no longer 
avoiding the stomates as before, but penetrating through their 
aperture into the parenchym. Tho new resultant mycelium 
reproduces the TTredo, or fifth form of fructification, and the 
TJredo spores fall off like those of the JEoidiicm^ and in respect 
of germination, and mode of penetration, present precisely the 
same phenomena. The disc which has produced the TJredo 
spores now gives rise to the resting spores, and so the cycle is 
complete.* 

The late Professor (Ersted, of Copenhagen, was of opinion 
that he had demonstrated the polymorphy of the Trenxelloid 
Uredines, and satisfied Hmself that the one condition known m 
Podisoma was but another stage of S&stetia^ Some freshly 
gathered speeimena of Q-ymnosporangittm were damped with 
water, and during the night following the spores germinated 
profusely, so that the teleutospores formed an orange-coloured 
powder. A little of this powder was placed on the loaves of 
five small sorbs, which were damped and placed tinder bell- 
glasses. In five days yellow spots wore seen on the leaves, and 
in two days more indications of spermogonia. The spermatia 
were discharged, and in two months from the first sowing, 

* Almost sinmltaneously ^ritlx De Bary, the late Professor CBtosfced instituted 
experiments, from which the same results ensued, an to JSddittm forberidk and 
Puccinia grcmfads. Soe " Joum. Hort. Soo, Load.'* new set, i, p. 85. 

t "Overset over deb Kon. Danske Yidens. Solibrti'' (I860), j>, 185, t. 0, 4j 
(186r>) p* 208, t. 3, 4 ; " E6sum6 du Bulletin do fa &to. Eoy, 0anoiso do 
Sciences" (1806), p. 15 ; (1887), p. 88 ; " Botanist Zeteg" (1807), p, 
" Quekefcfc Hwosoopical dab Journal,* voL E, p. 250. 
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the peridia of Rcestelia appeared, and were developed. * This 
trial of spores," says (Ersted, " has conduced to the result ex- 
pected, and proves that the teleutospores of Q-ymnosporangium, 
when transported upon the sorb, give rise to a totally different; 
fungus, the Roestelia cormtfa, that is to say, that an alternate 
generation conies between these fungi. They appertain in con- 
sequence to a single species, and the Q-ymnosporangium ceased to 
be an independent species, and must be considered as synony- 
mous with the first generation of Ro&stelia. The spores have 
been transported upon young shoots of the juniper-tree, and 
have now commenced to produce some mycelium in the bark. 
There is no doubt that in next spring it will result in Q-ymno- 
sporangium." 

Subsequently the same learned professor instituted similar 
experiments upon other hosts, with tho spores of Podisoma, and 
from thence h concluded that Ro&stelia, and Podisoma, in all 
their "known species, were but forms the one of the other. 
Hitherto we are not aware that those results have been con- 
firmed, or that tho sowing of the spores of Rcestelia on juniper 
resulted in Podisoma. Such experiments should be received 
always with care, and not too hastily accepted in their apparent 
results as proven facts. Who shall say that Rcestelia would not 
have appeared on Sorbits within two months without the sowing 
of Podisoma spores? because it is not by any means uncommon 
for that fungus to appear upon that plant. It is true many 
mycologists write and speak of Itosstelia and Podisoma (or 
G-ymnosporanginm) as identical ; but, as wo think, without the 
evidence being so complete as to be beyond suspicion. It is, 
nevertheless, a curious fact that in Europe the number of species 
of R&stelia and Podisoma are equal, if one species be excluded, 
which is certainly not a good Podisoma, for the reception of 
which a new genus has been proposed,* 

Amongst the ascigerous fungi will be found a curious but inte- 
resting genus formerly called Cordyceps, but for which Tulasne, 
in consequence of the discovery of secondary forms of fruit, 

* Ms is Podi&oma foliicola, B. and Br., or, as proposed in "Journ. Quelcott 
Olub," 31 p. 267y Swcoslroma jBerrkeleyi) 0, 
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has substituted that of Torrulia* These curious fang 
more or less of a clavate form, and are parasitic on 
The pupse of moths are sometimes seen bearing upon them the 
white branched mould, something like a Clavaria in appearance, 
to which the name of Isaria farinosa, has been given. According 
to Tulasne, this is the conidia form of the bright scarlet, club- 
shaped body which is also found on dead pupse, called Torrubia 
militaris. An American mould of the same genus, Isaria 
sphingum, found on mature moths,f is in like manner declared to 
be the conidia of Torrubia sp7l^ng^C1n ; whereas a similar mould, 
found on dead spiders, called Imria arachnopJiila is probably 
of a similar nature. An allied kind of compact mould, which 
is parasitic on Cocci, on the bark of trees, recently found in 
England by Mr. C. E. Broome, and named Microcera coccophila^ 
is said by Tulasne to be a condition of SpJicerostille^ and it is 
intimated that other productions of a similar character boar 
like relations to other sphoeriaceous fungi. For many species 
of TorruMa no corresponding conidia are yet known. 

Some instances might bo noted, not without interest?, in 
which the facts of dimorphism or polymorphism have not been 
satisfactorily proved, but final judgment is hold in suspense 
until suspicion is replaced by conviction. Some years ainco, a 
quantity of dead box leaves wore collected, on which flourished at 
the time a mould named Pmicillium roseum. This mould has a 
roseate tint, and occurs in patches on the dead loaves lying upon 
the ground ; the threads are erect and branched above, bearing 
chains of oblong, somewhat spindle-Bl taped spores, or, parhaps 
more accurately, conidia. When collected, those leaves woro 
examined, and nothing was observed or noted upon them excopt 
this Fenicillium. After some time, certainly between two and 
throe years, during which period the box remained undisturbed, 
circumstances led to the examination again of one or two of tlie 
leaves, and afterwards of the greater number of thorn, when the 

* Masne, " Selocta Fungorum Garpologia,* lit p, 8, pi i figs. 
t Oramar's "Papilio Exotic" (17852), fig, 267* 
$ Oooke, " Handbook," p. 548, No, 
IH1 p. 550, No, 1006. 
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patches of PeniciUium were found to be intermixed with anothei 
mould of a higher development, and far different character. 
This mould, or rather Mwcor, consists of erect branching 
threads, many of the branches terminating in a delicate globose, 
glassv. head, or sporangium, containing numerous very minute 
subglobose sporidia. This species was named MMCOT fiyalinus.* 
The habit is very much like that of the PenicilUum, but without 
any roseate tint- It is almost certain that the Mucor could not 
have been present when the PeniciUium was examined, and the 
leaves on which it had grown were enclosed in the tin box, but 
that the Mucor afterwards appeared on the same leaves, some- 
times from the same patches, and, as it would appear, from the 
same mycelium. The great difference in the two species lies in 
the fructification. In the Penicillium, the spores are naked, and 
in moniliform threads ; whilst in Mucor the spores are enclosed 
within globose membraneous heads or sporangia. Scarcely can 
we doubt that the Mucor alluded to above, found thus intermixed, 
under peculiar circumstances, with Perdcillivm roseim, is no other 
than, the higher and more complete form of that species, and 
that tho Penioillium is only its conidiiferous state. The pre- 
sumption in this case is strong, and not so open to suspicion as it 
would be did not analogy render it so extremely probable that 
such is the caso, apart from the fact of both forms springing 
irom the same mass of mycelium. In such minute and delicate 
structures it is very difficult to manipulate the specimens so as 
to arrive at positive evidence. If a filament of mycelium could 
be isolated successfully, and a fertile thread, bearing the fruit of 
each form, could be traced from the same individual mycelium 
thread, the evidence would be conclusive, In default of such 
conclusive evidence, we are compelled to rest with assumption 
until farther researches enable us to record the assumption as 



Apropos of this very connection of PenicilUwfo with Mucor, a 
(Similar suspicion attaches to an instance noted fey a wholly dis- 



Specimens w?e published under tnfs name in Oooke's " Fungi Britannid 

b. ,359, 
f Gaofce, *f On tfalymorpMsm in Fungi," in "Popular Science Review." 
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interested observer to this effect, " On a preparation preserved 
in a moist chamber, on the third day a white speck was seen on 
the surface, consisting of innumerable ' yeast ' cells, with some 
filaments, branching in all directions. On the fourth day tufts 
of Penicillium had developed two varieties P. glaucum and 
P. viride. This continued until the ninth day, -when a few of 
the filaments springing up in the midst of the Penicillium were 
tipped with a dewdrop-like dilatation, excessively delicate a 
mere distended pellicle. In some cases they seemed to be 
derived from the same filament as others bearing the ordinary 
branching spores of Penicillium^ but of this I could not be 
positive. This kind of fructification increased rapidly, and on 
the fourteenth day spores had undoubtedly developed within the 
pellicle, just as had been observed in a previous cultivation 8 
precisely similar revolving movements being also manifested/'* 
Although we have here another instance of Mucor and Penicillium 
growing in contact, the evidence is insufficient to warrant more 
than a suspicion of their identity, inasmuch as tho equally 
minute spores of Mucor and Penicilliim might have mingled, 
and each producing its kind, no relationship whatever have 
existed between them, except their development from the same 
matrix. 

Another case of association for the evidence does not proceed 
further was recorded by us, in which a dark- coloured species 
of Penicillium was closely associated with what we now believe 
to be a species of Macrosporium but then designated a Spo- 
ridesmium and a minute Spk&ria growing in succession on 
damp wall-paper. Association is all that the facts -warrant ns 
in calling it. 

We cannot forbear alluding to one of the species of S$twB?i& 
to which Tulasne f attributes a variety of forms of fruit, and we 
do so here because we think that a circumstance so extraordi* 
nary should be confirmed before it is accepted as al>solutly true* 
This refers to the common Sph&ria found on herbaceous plants, 

* Lewis's " Bepdrt on Microscopic Otyjecto found in Cholera 
Calcutta, 187Q. 
f OtoJawie, "Seleota tfuagorum Oarpologia/' ft' 



208 FUNGI. 

known as Sph&ria (Pleospora) Jierbarum. First of all the very 
common mould called Cladosponum Tierlarum is constituted as 
conidia, and of this again Macrosporium sarcinula^ Berk., is con- 
sidered to be another condition. In the next place, Cytispora 
orfacularis, Berk., and PJioma herbamm, West, are regarded as 
pycnidia, enclosing stylospores. Then Alternaria tennis, Pr.,* 
which is said to be parasitic on Cladosporium herlarwn, is held 
to be only a form of that species, so that here wo have (including 
the perithecid) no less than six forms or phases for the same 
fungus. As Macrospormm Cheirantlii, Pr., often is found in 
company with Cladosporium herlarum, that is also open to 
suspicion. 

We have adduced in the foregoing pages a few instances 
which, will serve to illustrate the polymorphism of fungi. 
Some of these it will bo observed are accepted as beyond doubt, 
occurring as they do in intimate relationship with each other* 
Others are considered as scarcely so well established, but 
probable, although developed sometimes on different species of 
plants. Finally, some are regarded as hitherto not satisfactorily 
proved, or, it may bo, only suspicious. In this latter group, 
however much probability may bo in their favour, it can hardly 
be deemed philosophical to accept thorn on such slender evidence 
ns in some cases alone is afforded. It would not have been 
difficult to have extended the latter group considerably by the 
addition of instances enumerated by various mycologists in 
their works without any explanation of the data upon which 
their conclusions have been founded. In fact, altogether this 
chapter must bo accepted as illustrative and suggestive, but by 
no means as exhaustive, 

* Corda, "Pxaclitflora," plate vii. 
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INFLFEBTCES AND EFFECTS. 

IT is no longer doubted that fungi exercise a large and very 
important influence in the economy of nature. It may bo that 
in some directions these influences are exaggerated ; but it is 
certain that on the whole their influence is far more important 
for evil and for good than that of any other of the Crypt ogamia. 
In our endeavour to estimate the character and extent of those 
influences it will prove advantageous to examine them under 
three sections. 1. Their influence on man. 2, Their influence 
on lower animals. 3, Their influence on, vegetation. Under 
these sections the chief facts may be grouped, and some approxi- 
mate idea obtained of the very great importance of thia family of 
inferior plants, and consequently the advisability of pursuing 
their study more thoroughly and nationally than has hitlierfco 
been done. 

I In estimating the influence of fungi upon man, we naturally 
enough seek in the first instance to know what baneful effects 
they are capable of producing on food. Although in the case of 
"poisonous fungi,' * popularly understood, fungi may be tfa$ 
passive agents, yet they cannot bo ignored in an inquiry of this 
nature. Writing of the Uses of Fungi, wo have already shown. 
that a large number are available for food, and some of tho&o 
real delicacies ; so, on the other hand, it becomes imperative, 
even with stronger emphasis, to declare that many are poisonous, 
and some of them virulently so. It is not sufficient to say that 
they are perfectly harmless until voluntarily introduced into tha 
system, whilst it is well fcaowft that accidents arc always 



210 TOTCH, 

possible, and probably would be if every baneful fungus had the 
word POISON inscribed in capitals on its pileus. 

The inquiry is constantly being made as to what plain rules 
can be given for distinguishing poisonous from edible fungi, and 
we can answer only that there are none other than those which 
apply to flowering plants. How can aconite, henbane, cenanthe, 
stramonium, and such plants, be distinguished from parsley, 
sorrel, watercress, or spinach ? Manifestly not by any general 
characters, but by specific differences. And so it is with the 
fungi. We must learn to discriminate Agaricus muscarius from 
Agaricus rulescens, in the same manner as we would discriminate 
parsley from JEtikusa cynapiwn. Indeed, fungi have an advantage 
in this respect, since one or two general cautions can be given, 
when none such are applicable for higher plants. For instance, 
it may be said truly that all fungi that exhibit a rapid change 
to blue when, bruised or broken should be avoided; that all 
Agarics are open to suspicion which possess an acrid taste ; that 
fungi found growing on wood should not bo eaten unless the 
species is well known ; that no species of edible fungus has a 
strong, unpleasant odour, and similar cautions, which, after all, 
arc insufficient. The only safe guide lies in mastering, one by 
one, the specific distinctions, and increasing the number of one's 
own esculents gradually, by dint of knowledge and experience, 
even as a child learns to distinguish a filbert from an acorn, or 
with wider experience will thrust in his mouth a leaf of OxaKs 
and reject that of the white clover. 

On of the most deleterious of fungi that we possess is at the 
same time on of the most beautiful. This is the Agaricus 
timscariit*, or My Agaric, which is sometimes used as a fly 
poison,* It has a bright crimson pilous studded with pale 
wHiasb (sometimes yellowish) w&rts, and a stem and giUs of 
ivory whiteness. Many instances have been recorded of poison- 
ing Iby this fa&gns, and amongst them some British soldiers 
abroad, and yet It c&ruaot be doubted that this faogus is eaten in 

* A detailed account of the peculiar properties oi tMs fungus and its employ* 
e&t aa % ncrcotfe wiU fee found in <tooke' " Seven Sisters of Sleep/* p, 8#T 
K? to %wsd fa <afret$to "floottWi Oiyptogamic Houa/' plate 54. 
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Russia. Two instances have come under our notice of persons 
with some botanical knowledge, and one a gardener, wlio had 
resided in Russia and eaten of this fungus. In one case the Fly 
Agaric was collected and shown to us, and in the other the 
figure was indicated, so that we might he under no doubt as to 
the species. Only one hypothesis can be advanced in explana- 
tion. It is known that a large number of fungi are eaten in 
Russia, and that they enter much into the domestic cookery of 
the peasantry, but it is also known that they pay considerable 
attention to the mode of cooking, and add a large amount of salt 
and vinegar, both of which, with long boiling, must be powerful 
agents in counteracting the poison (probably somewhat volatile) 
of such fungi as the Fly Agaric. In this place we may give a 
recipe published by a French author of a process for rendering 
poisonous fungi edible. It must be taken on his authority, and 
not our own, as we have never made the experiment, notwith- 
standing it seems somewhat feasible: For each pound of mush- 
rooms, cut into moderately small pieces, take a quart of water 
acidulated with two or three spoonfuls of vinegar, or two spoon- 
fuls of bay salt. Leave the mushrooms to macerate in. the liquid 
for two hours, then wash them with plenty of water ; this done, 
put them in cold water and make thorn boil. After a quarter or 
half hour's boiling take thorn off and wash them, then drain, and 
prepare them either as a special dish, or use thorn for seasoning 
in the same manner as other species.* 

This method is said to have been tried successfully with, some 
of the most dangerous kinds. Of these may be mo&tioned tad 
emetic mushroom, Hussula emetic^ with a bright red pilaus and 

* Pour efcaque 500 grammes de champignons coupes en motoeatot &'afez 
mediocre grandeur, il faut un litre d'eau acidul6o par dettx on fools cuUli?e*es o! 
vinalgre, on deux cuiller6es de sel gris. Dans le cas ou 1'ota n'amrait qua de reau 
& sa disposition, il faut la renouveler une ou deux fois. On l&isse lea cham- 
pignons macorcr dans le liquide pendant deux htures eutt&res, puis on los lave & 
grancle eau. Us sont alors mis dans do 1'eau firoide oXoa ports & I'^bullitioja, eti 
un quart d'heure ou une demi*kewe, on Ion attire, on lefl lave, on lea 
ou les apprfite soit comme un mete fipeVial, et ils oompoiWt i 
ssjaisWewe^ts qua les autrea, goto o4&me condiment. Morel 
des QhowMpfyMn*? p. lax aris, !$& 

p 2 
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white gills, 'which lias a clear, waxy, tempting appearance, but 
which is so virulent that a small portion is sufficient to produce 
rlisagreeable consequences. It would be safer to escliew all fungi 
with a red or crimson pileus than to run the risk of indulging in 
this. A white species, which, however, is not very common, 
with a bulbous base enclosed in a volva, called Agaricus vermt# 9 
should also be avoided. The pink spored species should also be 
regarded with suspicion. Of the Boleti several turn blue when 
cut or broken, and these again require to bo discarded. This is 
especially the case with Boletus luridiis* and Boletus Satanasjr 
two species which have the under surface or orifice of the pores 
of a vermilion, or blood-red colour. 

Not only are species which aro known to be poisonous to be 
avoided, but discretion should bo used in eating recognized good 
species. Fungi undergo chemical changes so rapidly that oven 
the cultivated mushroom may cause inconvenience if kept so 
long after being gathered as to undergo chemical change. It is 
not enough that they should be of a good kind, but also fresh, 
The employment of plenty of salt in their preparation is calcu- 
lated very much to neutralize any deleterious property. Salt, 
pepper, and vinegar are much more frooly employed abroad in 
preparing fungi than with us, and with manifest advantage. 

It is undoubtedly true that fungi exert an important influence 
in skin diseases. This seems to be admitted on all hands by 
medical men, J however much they may differ on the question of 
the extent to which they aro the cause or consequence of disease. 
Facts generally scorn to bear out the opinion that a great number 
of skin diseases are aggravated, and even produced, by fungu 
Eobin insists that a peculiar soil is necessary, and Dr, Fox 
says it is usually taught that tuberculous, scrofulous, and dirty 
people furnish the best nidus. It is scarcely necessary to enu- 

* Smith's " Chart of Poisonous Fungi," fi#. 10. 

t IMd, %. 27, It would bo well to "become acquainted with all thaw %urs 
$ " Skin Diseases of Parasitic Origin," by Dr Tilbury Fox. HJondon, 
Bobiflu, " Hist. Nat. des V%6taux Parasites**' 3ftom,1858, 

** Animal and Vegetable Parasites of the Human. Body." London, 

Society, 186V. 
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merate all these diseases, with wliich medical men are familiar, 
but simply to indicate a few. There is favus or scall-head, 
called also "porrigo," which has its primary seat in the hair 
follicles. Plica polonica, which is endemic in Russia, is almost 
cosmopolitan. Then there is Tinea tonsurans, Alopecia, 
Sycosis, &c., and in India a more deeply-seated disease, tlie 
Madnra Foot, has been traced to the ravages of a fungus 
described under the namo of Ckionyphe Qarteri.* It is probable 
that the application of different names to the very often im- 
perfect forms of fungi which are associated with different 
diseases is not scientifically tenable. Perhaps one or two 
common moulds, such as Asgergillus or PeniciUiwn 9 lie at the 
base of the majority, but this is of little importance here, and 
does not affect the general principle that some skin diseases are 
due to fungi. 

"Whilst admitting that there are such diseases, it must be 
understood that diseases have been attributed to fungi as a 
primary cause, when the evidence does not warrant such a 
conclusion. Diphtheria and thrush have been referred to the 
devastations of fungi, whereas diphtheria, certainly may and 
does occur without any trace of fungi. Fevers may some- 
times be accompanied by fungoid bodies in the evacuations, 
but it is very difficult to determine thorn. Too wholo 
question of epidemic diseases being cauBed by tho presence 
of fungi seems based on most incomplete evidence. Dr. 
Salisbury was of opinion that camp measles was produced by 
Puooinia gvaminis, the pseudosporos of which germinated in 
the damp straw, disseminated the resultant secondary bodies to 
tho air, and caused the disease. This ha# never boon verified. 
Measles, too, has been attributed freely, m well as Boarlatii%t 
to fungal influences, and the endeavours to implicate ftmgi in 
being tho cause of cholora have been pertinaciously' persevered 
in with no conviction. The presence of certain cygts, said to 
be those of Urocystis, derived from rice, was a&nonnced l>y Dtf* 

* Berkoley, in "Intellectual Observer," $ov,, 1802. "Myoetoma," & 
Vandyke Carter, 1874. 
f HalHer and Zurn, ' Zeitschrift ffir Paarailtenkand^" Jena, 
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Hallier, but when it was shown that no such fungus was found 
on rice, this phase of the theory collapsed. Special and compe- 
tent experts were sent from this country to examine the prepara- 
tions and hear the explanations of Dr. Hallier on his theory of 
cholera, contagion, but they were neither convinced nor satisfied. 

As Jong ago as 1853, Dr. Lander Lindsay examined and 
reported on cholera evacuations, and in 1856 he declared " It 
will be evident that I can see no satisfactory groundwork for 
the fungus theory of cholera, which I am not a little surprised 
to find still possesses powerful advocates.'* * And of the exam- 
inations undertaken by him he writes : " The mycelium and 
sporules of various species of fungi, constituting various forms 
of vegetable mould, were found in the scum of the vomit, as 
well as of the stools, but only at some stage of decomposition. 
They are found, however, under similar circumstances, in the 
vomit and stools of other diseases, and, indeed, in all decom- 
posing animal Jftuids, and they are therefore far from peculiar to 
cholera." 

Some writers have hold that the atmosphere is often highly 
charged with fungi spores, others have denied the presence of 
organic bodies to any extent in the air. The experiments con- 
ducted in India by Dr. Cunningham f have been convincing 
enough on this point. This report states that spores and similar 
colls were of constant occurrence, and wore generally present in 
considerable numbers. That the majority of the cells were living 
and ready to undergo development on meeting with suitable 
conditions was very manifest, as in those cases i& which prepa- 
rations wore retained under observation for any length of time, 
germination rapidly took place in many of the cells j indeed, 
many spores already germinating wore deposited on the slidos. 
Ija few instances did any development take place boyoud the 

* Dr. lender Lindsay, "On Microscopical and Clinical Cfcara<J*es of Cholera 
reprinted from " Edinburgh Medical Journal, 1 ' Petarttarf an4 
1806 j also "OlMcal Notes on Cholera," by W. louder Hfldgay/HD., 
, m Dissociation Medical Journal" for April 14, 1854. 
" Hiero&GOpio BxataitMitionB of Air," frm, iU " jKMfct Annual Eeport o tfc 
?, " Calcutta* IS 7Jl 
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formation of mycelium or masses of toruloid cells, but in 
one or two distinct sporules were developed on the filaments 
arising from some of the larger septate spores, and in a few 
others Penicillium and Aspergillws produced their characteristic 
heads of fructification. 

With regard to the precise nature of the spores and other 
cells present in various instances little can be said, as, unless 
their development were to be carefully followed out through all 
its stages, it is impossible to refer them to their correct species 
or even genera. The greater number of them are apparently 
referable to the old orders of faiqpSpharoneme*, Melanconei, 
Torulacei, Dematiei, and Mucedines, while some probably be- 
longed to the Pucciniei and Oocemacei. Amongst those belonging 
to the Torulacei> the most interesting was a representative of 
the rare genus Tetra/ploa* Distinct green algoid cells occurred 
in some specimens. Then follow in the report details of obser- 
vations made on the rise and fall of diseases, of which diarrhtoa, 
dysentery, cholera, ague, and dengue wore selected and compared 
with the increase or diminution of atmospheric colls. The con- 
clusions arrived at are : 

" Spores and other vegetable cells arc constantly present ia 
atmospheric dust, and usually occur in considerable numbers ; 
the majority of them arc living, and capable of growth and 
development. The amount of thorn present ia tho air appears 
to be independent of conditions of velocity and direction of tto 
wind, and their number Is not diminished by moisture. 

" JSTo connection can b traced between tti0 ntimbers of 
bacteria, spores* &c., present in tho air, and tlxe occurrence of 
diarrhom, dysentery, cholera, ague, or dengue, nor between the 
presence or abundance of any special form ot forms of cells, &o$ 
l!he prevalence of any of these diseases. 

" The amount of inorganic and amorphous particles aad othor 
debris suspended in the atmosphere is dfooetly dependent oa 
conditions of moisture and velocity of wind." 

This report is accompanied by fourteen targe and weHUexectitod 
plates, each containing hundreds of figures of organic* bodies* col* 
tected from the air between 3?ehraa#y and September. It ia valft* 
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able both for its evidence as to the number and character of the 
spores in the air, and also for the tables showing the relation 
"between five forms of disease, and their fluctuations, as com- 
pared with the amount of spores floating in the atmosphei*e. 

We are fain to believe that we have represented the influence 
of fungi on man as far as evidence seems to warrant. The 
presence of forms of mould in some of their incipient conditions 
in different diseased parts of the human body, externally and 
internally, may be admitted without the assumption that they 
are in any manner the cause of the diseased tissues, except in 
such cases as we have indicated. Hospital gangrene may bo 
alluded to in this connection, and it is possible that it may be 
due to some fungus allied to the crimson spots (blood rain) 
which occur on decayed vegetation and meat in an incipient 
stage of decomposition. This fungus was at one time regarded 
as an algal, at another as animal j but it is much more probable 
that it is a low condition of some common mould. The readiness 
with which the spores of fungi floating in the atmosphere 
adhere to and establish themselves on all putrid or corrupt sub- 
stances is manifest in the experience of all who have had to do 
with the dressing of wounds, and in this case it is a matter of 
fche greatest importance that, as much aw possible, atmospherical 
contact should be avoided. 

[Recently a case occurred at the Botanic Gordons at Edin- 
burgh which was somewhat novel. The assistant to the bota- 
nical professor was preparing for demonstration, some dried 
specimens of a largo puff-ball, filled with the dust-like spores, 
which tie accidentally inhaled, and was for some time confinod 
to his room under medical attendance from tho irritation thoy 
caused. This would seom to prove that tho spores of Bomo 
fungi are liable, when inhaled in largo quantities, to derange 
the system and become dangerous ; but under tistial and natural 
conditions such spores are not likely to be present in tho atmo* 
sphere in sufficient quantity to cause inconvenience. In the 
aatann a, very largo number of baaidioBpores mtist be pwettfc 
in tfoe atmosphere of woods, and yet there is no roasoix to 
believe that it is more unhealthy to breathe the atmosphere of 
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a wood in September or October than in January or May* 
Dreadful effects are said to be produced by a species of black 
rust which attacks the large South of Europe reed, Arundo donux. 
This is in all probability the same species with that which 
attacks Arundo phragmitis in this country, the spores of which 
produce violent headaches and other disorders amongst the 
labourers who cut the reeds for thatching. M. Michel states 
that the spores from the parasite on Arundo donax, either inhaled 
or injected, produce violent papular eruption on the face, 
attended with great swelling, and a variety of alarming symp- 
toms which it is unnecessary to particularize, in various parts of 
the body.* Perhaps if Sarcina should ultimately prove to be a 
fungus, it may bo added to the list of those which aggravate, if 
they are not the primary cause of ? disease in the human subject. 
II. What influences can bo attributed to fangi upon animals 
other than man ? Clearly instinct preserves animals from many 
dangers. It may be presumed that under ordinary circum- 
stances there is not much fear of a cow or a sheep poisoning 
itself in a pasture or a wood, But under extraordinary 
circumstances it is not only possible, but very probable, that 
injuries may occur* For instance, it is woll known that not 
only rye and wheat, but also many of tho grasses, are liable to 
infection from a peculiar form of fungus called "orgofc." In 
certain seasons this ergot is much, more common than others, 
and the belief is strong in those who ought to know something 
of the subject from experience, viz., farmers and graziers, that in 
such seasons it is not uncommon for cattle to slip thoir young 
through feeding on ergotized grass. Then, again, it is fairly 
open to inquiry whether, in years when "red rust" and 
"mildew" are more than usually plentiful on grasses, these 
may not be to a certain extent injurious, Without attempting 
to associate the cattle plague in any way with fangi on 
grass, it is nevertheless a most remarkable coincidence that 
the year in which the cattle disease wae most; prevalent in 
this country was one in which there was at least in some 
districts more "red rust" on grasses than we ever remein- 
* " Ctaaenaft Ohroaiota/ 1 March 20, 
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ber to have seen before or since; the clothes of a person 
walking through the rusty field soon became orange- coloured 
from the abundance of spores. Graziers on this point again 
seem to be generally agreed, that they do not think " red rust J> 
has been proved to be injurious to cattle. The direct influence 
of fongi on quadrupeds, birds, reptilia, &c., seems to be in- 
finitesimally small. 

Insects of various orders have been observed from time to 
time to become the prey of fungi.* That known at Quadaloupe 
under the name of La G-ufye Vegetale^ or vegetable wasp, has 
been oflen cited as evidence that, in some instances at least, 
the fungus attacks the insect whilst still living. Dr. Madianna 
states that he has noticed tho wasp still living with its in- 
cumbrance attached to it, though apparently in the last stage of 
existence, and seeming about to perish from the influence of its 
destructive parasito.f This fungus is called by Tulasne Torrubia 
sghecoGep'hala.$ About twenty- Jfive species of this genus of 
sphseriaceous fungi have been described as parasitic on insects. 
Five species are recorded in South Carolina, one in Penn- 
sylvania, found on the larvae of tho May-bug, and one other 
North American species on Nocturnal Lcpidoptora, one in 
Cayenne, one in Brazil, on tho larva of a Cicada, and ono on a 
species of ant, two in the West Indies, ono in New Guinea on 
a species of CoeMts, and one on a species of Vcspa in Senegal. 
In Australia two species have been recorded, and two ctro natives 
of New Zealand. Dr. Hooker found two in tho Khassya moun- 
tains of India, and one American species has also boon found 
at Darjeeling. , It has long been known that one spocios, which 
has a medicinal repute there, is found in China* whilst throe 
have been recorded in Great Britain. Opinions arc divided as 
to whether in these instances the fungus causes or is subsequent 
to the death of the insect. It is generally the Tbolief of ento<- 
mologists that the death of tho insect is catued by tib footgus* 

* 0ray, <3K, '* Notices of Insects that are Known, to Form the Bto of $OB$oid 
Parasites." London, 1858. 
t HaJsey, "Ann, Lyceum," tfev York, 1824, p, 12& 
J Xttbinet "Sejaeta Fung, Oarp," ToL ill p. 1?, 
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In the case of Isaria s^liingum, which is the conidia form of a 
species of Torrttbia, the moth has been found standing on a leaf, 
as during life, with the fungus sprouting from its "body. 

Other and less perfect forms of fungi also attack insects. 
During the summer of 1826, Professor Sebert collected a great 
many caterpillars of Arctia mllica^ for the purpose of watching 
their growth. These insects on arriving at their fall size became 
quite soft, and then suddenly died. Soon after they became 
hard, and, if bent, would easily break into two pieces. Their 
bodies were covered with a beautiful shining white mould. 
If some of the caterpillars affected with the parasitic mould 
were placed on the same tree with those apparently free from 
its attack, the latter soon exhibited signs that they also were 
attacked in the same manner, in consequence of coming into 
contact with each other.* 

During the spring of 1851, some twelve or twenty specimens 
were found front amongst myriads of Cicada seytevidecim, which, 
though living, had the posterior third of the abdominal contents 
converted into a dry, powdery, ochroous-yellow compact mass 
of sporuloid bodies. The outer coverings of that portion of 
the insect were loose and easily detached, leaving the fungoid 
matter in the form of a cone affixed by its base to the unaffected 
part of the abdomen of the- insect* The fungus may commoner, 
says Dr. Leidy ? its attacks upon the larva, develop its mycelittm, 
and produce a sporular mass within the active pupa, when many 
arc probably destroyed ; but should somo be only affected so fer 
as not to destroy the organs immediately essential to life, they 
might undergo their metamorphosis into tlx iniago, in which 
case they would bo affected in the manner previously deticribo&f 

The common house-fly in autumn is very tustiaUy sixlgoct to 
the attacks of a mouldy fungus called Syorencfonema mw$ca 7 or 
Smpwsa inusoa in former times, which, is now regarded as the 
terrestrial condition of one of the Bc^folegniM^ The ftie 
become sluggish, and at last fix themselves to some object on 

* "Berlifc Btttom, Zeituag," 1858, p, 178, , 

t "gfltftkiwntoii Contributions to &owle%V* v P* 8& 

$ " Wtegmtott .AjrcMv." 1885, ii p. S&t j '< Aw. 3ft*. Hist/' 1841, 405* 
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which they die, with their legs extended and head depressed, 
the body and wing's soon becoming covered with a minute white 
mould, the joints of which fall on the surrounding object. Ex- 
amples are readily distinguished when they settle on windows 
and thus succumb to their foe. Mr. Gray says that a similar 
mould has been observed on individuals of the wasp family. 

A Q-ryllQ-talpa, was found in a wood near Newark, Delaware, 
TJ. S., upon turning over a log. The insect was seen standing 
very quietly at the mouth of its oval cell, which is formed 
in the earth, having a short curved tube to the surface. Upon 
taking it up it exhibited no signs of movement, though perfectly 
fresh and lifelike in appearance. On examining it next morning 
it still presented no signs of life. Every part of the insect was 
perfect, not even the antenna* being broken, Upon fooling it, 
it was very hard and resistant, and on making an incision 
through the thorax it exhaled a fungoid odour. The insect had 
been invaded by a parasitic fungus which everywhere filled the 
animal, occupying the position of all the soft tissue, and extend- 
ing oven into the tarsal joints. It formed a yellowish or cream- 
coloured compact mass.* 

The destructive silk- worm disease, Botrytis Ba#siana 9 is also 
a fungus which attacks and destroys the living insect, concern- 
ing which an immense deal has been written, but which hm not 
yet been eradicated. It has also boon supposed that a low form 
or imperfect condition of a mould has much to do with the 
disease of boos known as " foul brood." t 

Penicillium Fieben, figured by Oorda on a beetle, was doubt- 
less developed entirely after death, with which event it liad 
probably nothing whatever to do.J Sufficient, however, has 
been written to show that fungi liavo an influence on inyoot life, 
and this might "be extended to other animal forms, as to spiders, 
on which one or two species of Itaria aro developed, whilst 
Dr. Loidy has recorded observations on Jwlm$ which, may" b 

* My, "Proc. Aoad. Nat. Soi. Phil" 1851, p. 204, 

t '* Gardener's Chronicle," November 21, 1868. 

$ Oorda, "Prachtflora,'* pi, ix. 

Mdy, "* Fauna and Hora within, Living Animals," la "Smitaoni&tt Oo* 
tributiona to Knowledge." 
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perused with advantage, Eish are subject to a mouldy-looking 
parasite belonging to the Safirolegniei, and a similar form 
attacks the ova of toads and frogs. Grold fish in globes and 
aquaria are very subject to attack from this mouldy enemy, and 
although we have seen them recover under a constant change of 
water, this is by no means always the case, for in a few weeks 
the parasite will usually prevail. 

The influence of fungi upon animals in countries other than 
European is very little known, except in the case of the species 
of Torrulia found on insects, and the diseases to which silk- 
worms are subject. Instances have been recorded of the occur- 
rence of fungoid mycelium for in most it is nothing more in 
the tissues of animals, in the hard structure of bone and shell, 
in the intestines, lungs, and other fleshy parts, and in various 
organs of birds.* In some of the latter cases it has been de- 
scribed as a Mucor, in most it is merely cells without sufficient 
character for determination. It is by no means improbable that 
fungi may be found in such situations; the only question with 
regard to them is whether they are not accidental, and not the 
producers of unhealthy or diseased tissues, even when found in 
proximity thereto. 

There is one phase of the influences of fungi on the lower 
animals which must not be wholly passed over, and that is the 
relation which they bear to some of the insect tribe in fbr* 
nishing thorn with food. It is especially the case with the 
Coleoptera that many species seom to be entirely dependent on 
fungi for existence, since they are found in no othor aituaiionB. 
Beetle-hunters tell us that old Polyporvi) &ad similar fangi of 
a corky or woody nature, aro always sought after for certain, 
species which they seek in vain olsewhere,t &&$ those who pos* 
sess herbaria know tow destructive certain minute members of 
tho animal kingdom are to their choicest specimens, against 
whose depredations even poison is sometimes unavailing. 

Some of the Uredinos, as Tricholxwis waveoleiuttad, Oolcopo^ 
rium sonckii are generally accompanied fey a little orange larva 

* Miirie, in "Monthly Microscopical J<mrnal M (1872), vii. p. 349. 
t Sdegowu Mycetyphayw, u Stephen's Manual Brit, Coleopb." #, 132, 
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which preys upon tlie fungus; and in the United States Dr, 
Bolles informs us that some species of JBcidiivm are so con- 
stantly infested with this red larva that it is scarcely possible 
to get a good specimen, or to keep it from its sworn enemy. 
Minute Anguillidce revel in tufts of mould, and fleshy Agarics, 
as they pass into decay, become colonies of insect life. Small 
Lepidoptera, belonging to the Tineina, appear to have a liking 
for such Polyporei as P. sul/ureus when it becomes dry and 
hard, or P. sguamosus when it has attained a similar condition. 
Acan and Psocidce attack dried fungi of all kinds, and speedily 
reduce them to an unrecognizable powder. 

III. What are the influences exerted by fungi on other 
plants ? This is a broad subject, but withal an important one, 
since these influences act indirectly on man as well as on the 
lower animals. On man, inasmuch as it interferes with the vege- 
table portion of his (bod, either by checking its production or 
depreciating its quality. On the lower animals, since by this 
means not only is their natural food deteriorated or diminished, 
but through it injurious effects arc liable to bo produced by the 
introduction of minute fangi into the system. Those remarks 
apply mainly to fungi which are parasitic on living plants. On 
the other hand, the influence of fungi must not be lost sight of 
as the scavengers of nature when dealing with dead and decay- 
ing vegetable matter. Therefore, as in other instances, wo have 
here also good and bad influences intermingled, so that it can- 
not bo said that they are wholly evil, or unmixed good, 

Wherever we encounter decaying vegetable matter we meet 
with fangi, living upon and at the expense of decay, appropri- 
ating the changed elements of previous vegetable life to the 
support of a new generation, and hastening dieintegratioii and 
assimilation with the soil. No one can have oteeired the 
mycelium of fangi at work on old stumps, twigs, and decayed 
wood, without being struck with tho rapidity and oott&mty with 
disintegration is being carried on* The gardener caste 
one side, on a pile as rublbiah, twigs aad cuttings from his 
ate useless to him, but -which 3we all derired much 
Soil on yrHok they floumfreel SbotiJy ftuigi make 
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their appearance in species almost innumerable, sending their 
subtle threads of mycelium deep into the tissues of the woody 
substance, and the whole mass teems with new life. In this 
metamorphosis as the fungi flourish so the twigs decay, for the 
new life is supported at the expense of the old, and together 
the destroyers and their victims return as useful constituents to 
the soil from whence they were derived, and form fresh pabulum 
for a succeeding season of green leaves and sweet flowers- In 
woods and forests we can even more readily appreciate the good 
offices of fungi in accelerating the decay of fallen leaves and 
twigs which surround the base of the parent trees. In such 
places Nature is left absolutely to her own resources, and what 
man would accomplish in his carefully attended gardens and 
shrubberies must here be done without his aid. What we call 
decay is merely change ; change of form, change of relationship, 
change of Composition; and all those changes are effected by 
various combined agencies water, air, light, heat, these furnish- 
ing new and suitable conditions for the development of a new 
race of vegetables. These, by their vigorous growth, continue 
what water and oxygon, stimulated by light and heat, had 
begun, and as they flourish for a brief season on the fallen 
glories of the past summer, make preparation for the coming 
spring, 

Unfortunately this destructive power of fungi over vegetable 
tissues is too often exemplified in a mamjer which man does not 
approve. The dry rot is a name which has been given to the 
ravages of more than one species of fungus which flourishes at 
the expense of the timber it destroys. One of these forms of 
dry rot fungus is MeruUus l&crymans, which 10 sometimes spoken 
of as if it were the only one, though perhaps the most destruc- 
tive in houses. Another is Polyporm hybriw* 9 which attaoks 
oak-built vessels ; * and these are not the ?nly ones which are 
<sapable of mischief. It appears that the dry rot fungus acts 
indirectly on the wood, whose cells are saturated with its juice, 
and in, consequence lose their lignlne and cellulose, though their 
suffer no corrosion. The different forms of decay in wood 
' plate* m awd S87, fig. 6, 



224 

are accompanied by fungi, which eitner completely destroy the 
tissue, or alter its nature so much by the abstraction of the 
cellulose and lignine, that it becomes loose and friable. Thus 
fungi induce the rapid destruction of decaying wood. These 
are the conclusions determined by Schaclit, in his memoir on 
the subject.* 

We may allude, in passing, to another phase of destructive- 
ness in the mycelium of fungi, which traverse the soil and in- 
terfere most injuriously with the growth of shrubs and trees 
The reader of journals devoted to horticulture will not fail to 
notice tho constant appeals for advice to stop the work of fungi 
in the soil, which sometimes threatens vinos, at others conifers, 
and at others rhododendrons. Dead leaven, and other vegetable 
substances, not thoroughly and completely decayed, are almost 
sure to introduce this unwelcome element. 

Living plants suffer considerably from the predations of para* 
sitic species, and foremost amongst those in importance are 
those which attack the cereals. Tho corn mildew and its accom- 
panying rust are cosmopolitan, as far as wo know, wherever 
corn is cultivated, whether in Australia or on tho slopes of the 
Himalayas. Tho same may also bo said of smut, for Tf&tilago is 
as common in Asia and America as in Europe. We have #0011 it 
on numerous grassen as well as on barley from the Punjab, and 
a species different from Ustilago mayd'ts on, tho mulo florets of 
ximizo from the same ^locality. In addition to this, wo loam 
that in 1870 ono form made its appearance on rice. It was 
described as constituting in some of tho infostod grain** a, 
whitish, gummy, interlaced, ill-defined, thread-like mycelium, 
growing at the expense of the tiKsues of tho affected organs, 
and at last becoming converted into a more or loss coherent 
mass of spores, of a dirty green colour, on tho exterior of tho 
deformed grains. Beneath tho outer 'coating the aggregated 
spores aro of a bright orange red ; tho central portion has a vehi- 
cular appoaranco, and is whito in colour, t It is diflioult to 

* ScJttM&t, " Fungous Threads in tho Cells of Bants," ia PringsUt>ha v "Jab** 
bttoh." Boriin, 1S03. 
t " ^oo^dinp of Kb* AgrL Horfc. Soc. of India" (1871), p* 85. 
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determine from the description what this so-called TJstilago may 
be, which was said to have affected a considerable portion of the 
standing rice crop in the vicinity of Diamond Harbour. 

Bunt is another pest (Tilletia, caries) which occupies the 
whole farinaceous portion of the grains of wheat. Since 
dressing the seed wheat has been so widely adopted in this 
country, this pest has been of comparatively little trouble. 
Sorghum and the small millets, in countries where these are 
cultivated for food, are liable to attacks from allied parasites. 
Ergot attacks wheat and rice as well as rye, but not'to such an 
extent as to have any important influence upon the crop. Two 
or three other species of fungi are sometimes locally trouble- 
some, as Dilophospora graminis, and Septoria nodorum on wheat, 
but not to any considerable extent. In countries where maize is 
extensively grown it has not only its own species of mildew 
(Puccinia), but also one of the most enormous and destructive 
species of Ustilago. * 

A singular parasite on grasses was found by Cesati in Italy, 
in 1850, infesting the glumes of Andropogon.* It received the 
name of Cerebella Andropogonis, but it never appears to have 
increased and spread to such an extent as was at first feared. 

Even more destructive than any of these is the potato 
disease t (feronospora iiqfestans), which is, tmforttinately, too 
well known to need description. This disease was at on Mine 
attributed to various causes, but long since its ascertained etottroe 
has been acknowledged to be a species of wMte mould* which 
also attacks tomatoes, but less vigorously. De Bary has giv^n 
considerable attention to this disease, and Ms opiniouB w 
clearly detailed in Ms memoir on erono$por& 9 as well aa in Ms 
special pamphlet on the potato disease.^ One sees the oantse of 
the epidemic, he says, in the diseased state of the potato itself, 
produced either accidentally by unfavourable conditions of soil 
and atmosphere, or by a depravation that the plant has experi- 

* " Gardener's Chronicle * (1852), p. 643, with % 

f Berkeley, "On the Potato Murrain,*' In "Jw. Hort, Soc M voi i, (1846)^ 
P. a, 
De Bary, "Die gegeawartig hewjiteatle Ka^ietoaaklieit," 

Q 
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enced in its culture. According to these opinions, the vegetation 
of the parasite would be purely accidental, the disease would be 
independent of it, the parasite would bo able frequently even to 
spare the diseased organs. Others see in the vegetation of the 
Peronospora the immediate or indirect cause of the various 
symptoms of the disease ; either that the parasite invades the 
stalks of the potato, and in destroying them, or, so to speak, in 
poisoning them, determines a diseased state of the tubercles, or 
that it introduces itself into all the organs of the plant, and 
that its vegetation is the immediate cause of all the symptoms 
of the disease that ono meets with in any organ whatever. 
His observations rigorously proved that the opinions of the 
latter wero those only which were well founded. All the altera- 
tions soon on examining spontaneous individuals are found 
when the Peronospora is sown in a nourishing plant. The most 
scrupulous examination demonstrates the most perfect identity 
between the cultivated and spontaneous individuals as much in 
the organization of the parasite as in the alteration of the plant 
that nourishes it. In the experiments that he had raado ko 
affirms that he never observed an individual or unhealthy pro- 
disposition of the nourishing plant. It appeared to him, on the 
contrary, that the more the plant was healthy, the more tho 
mould prospered. 

Wo cannot follow him through all tho details of the growth 
and development of the disease, or of his experiments on this 
and allied species, which resulted in the affirmation that the 
mould immediately determines the disease of the tubercles as 
well as that of tho leaves, and that the vegetation, of the 
Peronosgora alono determines tho redoubtable epidemic to which 
the potato is exposed.* "W believe that this same observer 
is still engaged in a series of observations, with the view, 
if possible, of suggesting some remedy or mitdg&tion. of tho 



Dr< Hassall pointed out, many years since, the action of 
faogotus mycelium, when coming in contact with oollttl&r tissue, 

* De Bajy, " Memoir on Eeronospora/* fa <* Aansto to Set Kai^ 
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of inducing decomposition, a fact which lias been fully confirmed 
by Berkeley. 

Unfortunately there are other species of the same genus of 
moulds which are very destructive to garden produce. Perono- 
spora gcmgliformis, B., attacks lettuces, and is but too common 
and injurious. Peronospora effusa, Grev., is found on spinach 
and allied plants. Peronospora Schleideniana, D. By., is in some 
years very common and destructive to young onions, and field 
crops of lucerne are very liable to attack from Peronospora 
trijoliorum, D, By. 

The vine crops are liable to be seriously affected by a species 
of mould, which is but the conidia form of a species of Hrysiphe. 
This mould, known under the name of Oidmm TmTceri^ B., 
attacks the vines in hothouses in this countzy, but on the Conti- 
nent the vineyards often suffer severely * from its depredations ; 
unfortunately, not the only pest to which the vino is subject, for 
an insect threatens to bo even more destructive. 

Hop gardens suffer severely, in some years, from a similar 
disease ; in this instance the mature or ultimate form is per- 
fected. The hop mildew is Sph&rotheca Oa&tagnei, Lev., which 
first appears as whitish mouldy blotches on the leaves, SOOBL 
becoming discoloured, and developing the black receptacles ou 
either surface of the loaf. Those may bo regarded as the 
cardinal diseases of fungoid origin to which useful plants are 
subject in this country. 

Amongst those of less importance, but still troublesome 
enough to secure the anathemas of cultivators, may bo men- 
tioned Puocinia Apii, Ca., often successful in spoUiug bods of 
celery by attacking the leaves ; Qystopus eandidw, L6y., and 
Gl<eo$poriwn concenlricum* Grev., destructive to cabbages and 
other cruciferous plants; Tneholam JFab&, L6v., unsparing 
when once established on beans ; EryaipJio Martn, Lev*, i& some 
seasons a great nuisance to the crop of peas, 

* " Heports of H. M. Secretaries of Embassy and legation on tho Effects of 
the Vine PJsease on Commerce, 1859 ; "Keporfcs of H. M, Secretaries of 
Embassy, fcc., on Manufactures and Commerce, Vino Disease in Bavaria and 
Switzerland, 1859," pp. 54 and 62. 
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Fruit trees do not wholly escape, for JRcestetia cancellated, Tul, ; 
attacks the leaves of the pear. Puccinia prunorum affects tho 
leaves of almost all the varieties of plum. Blisters caused by 
Ascomyces deformans* B., contort the leaves of peaches, as Asco- 
myces lullatus, B., does those of the pear, and Ascomyces jug- 
landis, B., those of the walnut. Happily wo do not at present 
suffer from Ascomyces pruni, FchL, which, on the Continent, 
attacks young plum-fruits, causing them to shrivel and fall. 
During the past year pear-blossoms have suffered from what seems 
to be a form of Helmintliosporium pyrorum^ and tho branches are 
sometimes infected with Capnodiwn elongatum ; but orchards in 
the United States have a worse foe in the " black knot,"* which 
causes gouty swellings in the branches, and is caused by the 
SpTiteria morbosa of Sehwoinitz. 

Cotton plants in India t woro described by Dr. Shortt as 
subject to the attacks of a kind, of mildew, which from the 
description appeared to be a species of lErysipTie^ but on receiv- 
ing specimens from India for examination, wo found it to bo 
one of those diseased conditions of tissue formerly classed with 
fungi Tinder the name of Jflrineum; and a species of Torula 
attacks cotton pods after they are ripe. Tea leaves in planta- 
tions in Cachar have been said to suffer from some sort of blight, 
but in all that we havo seen insects appear to bo tho depredators, 
although on the decaying leaves JBCentfersonia fheicola, Oooko, 
establishes itself. J The coffee plantations of Ceylon suifor from 
the depredations of Hemittea vastatrix, as well as from inyocfcs. 
Other useful plants have also their onomios in pararitic fungi 

Olive-trees in tho south of Europe suffer from tto attacks of a 
species of Antennaria, as do also orange and lemon trees from a 
Cwpno&imi, which covers the foliage as if with a coating of soot. 
In fact most useful plants appear to have some enemy to contend 
with, and it is fortunate, not only for the plant, but its cuttiva* 

* O.H. Peck, "Outho Black Knot," in " Qtiekett Klorosooploal Journal," 
iii p 82. 
Cooke> **Miorosoopio Fungi,* 1 p. 177* 
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tors, if this enemy is less exacting than is the case with the 
potato, the vine, and the hop. 

Forestry in Britain is an insignificant interest compared to 
what it is in some parts of Europe, in the United States, and 
in onr Indian possessions. In these latter places it becomes a 
matter of importance to inquire what influence fungi exert on 
forest trees. It may, however, be predicated that the injury 
caused by fungi is far outstripped by insects, and that there are 
not many fungi which become pests in such situations. Coni- 
ferous trees may be infested with the species of Peridermium^ 
which are undoubtedly injurious, Peridermium elatinum, Lk., 
distorting and disfiguring the silver fir, as Peridermium Thomson^ 
B.,* does those of Abies SmtMana in the Himalayas. This 
species occurred at an elevation of 8,000 feet. The leaves be- 
come reduced in length one-half, curved, and sprinkled, some- 
times in double rows, with the large sori of this species, which 
gives the tree a strange appearance, and at length proves fatal, 
from the immense diversion of nutriment requisite to support a 
parasite so large and multitudinous. The dried specimens have 
& sweet scent resembling violets. In Northern Europe Qceomd 
pinitorgru^, D. By,, seems to be plentiful and destructive* All 
species of juniper, both in Europe and the United States, are 
liable to be attacked and distorted by species of Podisoma t &nd 
G-ymnospormgiim. Antewwia jpinopkila, Fr., is undoubtedly 
injurious, as also ar other species of Antonncvria, which probably 
attain their more complete development in OapnoMwm^ of which 
Capnodium Oltri is troublesome to orange-trees in the south of 
Europe, and other species to other trees. How far birch-trees 
are injured by Dotbidea tetulina^ Fr., or Metamp&ora 
~L6v., or poplars and aspons by 3felamp$ora populina, 
and MeJampsora tremul&, Le*v., we cannot say. The species of 
Lect/thea found on willow leaves have decidedly a prejudicial 
effect on the growth of the affected pla&4 

Floriculture has to contend with many fungoid enemies, which 
sometimes commit groat ravages amongst tho choicest flowers 

* " GWener's Chronic!," 1852, ^ 627, with fig* 

f "<todttofcMftow)pai, M Hook, *< Joum. Bot," vol. iv. plate *!i 
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Eoses have to contend against the two forms of Phragmidium 
mucronatum as well as Asteroma Rosce. Still more disastrous 
is a species of ^ErysipJiei, winch at first appears like a dense 
white mould. This is named Splicerotheca pannosa. Nor is this 
all, for Peronospora, sparsa, when it attacks roses in conservatories, 
is merciless in its exactions.* Sometimes violets will bo distorted 
and spoiled by Urocystis Violce. The garden anemone is freely 
attacked by JEcidium guadrifidum. Orchids are liable to spot 
from fungi on the leaves, and recently the whole of the choicest 
hollyhocks have been threatened with destruction by a merciless 
foe in Puccinia malvacearum. This fungus was first made known 
to the world as an inhabitant of South America many years ago. 
It seems next to have come into notoriety in the Australian 
colonies. Then two or throe years ago wo hoar of it for the 
first time on the continent of Europe, and last year for the first 
time in any threatening form in our own islands. During the 
present year its ravages are spreading, until all admirers of 
hollyhocks begin to feel alarm lesfc it should entirely exterminate 
the hollyhock from cultivation. It is common on wild mallows, 
and cotton cultivators must bo on tho alert, for there is a 
probability that other malvacoous plants may suffer. 

A writer in tho " Gardener's Chronicle " has proposed a remedy 
for the hollyhock disease, which ho hopes will prove effectual, 
He says, "This terrible disease has now, for twelve months, 
threatened the complete annihilation of the glorious family of 
hollyhock, and to baffle all the antidotes that tho ingenuity of 
man could suggest, so rapidly docs it spread and accomplish its 
deadly work. Of this I have had very sad evidence, as last 
year at this time I had charge of, if not tho largest, one of the 
largest and finest collections of hollyhocks anywhere in cultiva- 
tion, which had boon under my special care for eleven years, 
and up to within a month of my resigning that position I had 
observed nothing uncommon amongBt thorn ; but before taking 
my final leave of them I had to witness tho melancholy spectacle 
of bed after bed being smitten down, and amongst them many 
splendid seedlings, which had cost me years of patience and 

* Berkeley, Sa "Gardener's Ctamfcto," 1863, p. 808, 
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anxiety to produce. And again, upon taking a share and the 
management of this business, another infected collection fell to 
my lot, so that I have been doing earnest battle with this disease 
since its first appearance amongst us, and I must confess that, 
up to a very short time back, I had come in for a great deal tho 
worst of the fight, although I had made use of every agent I 
could imagine as being likely to aid me, and all that many 
competent friends could suggest. But lately I was reminded of 
Condy's patent fluid, diluted with water, and at once procured a 
bottle of the green quality, and applied it in tho proportion, of a 
large tablespoonful to one quart of water, and upon examining 
the plants dressed, twelve hours afterwards, was delighted to 
find it had effectually destroyed tho disease (which is easily 
discernible, as when it is living and thriving ifc is of a light 
grey colour, but when killed it becomes of a rusty black), 
Further to test tho power at which tho plant was capable of 
bearing the antidote without injury, I used it double- the 
strength. This dose was instant death to tho pest, leaving 
no trace of any injury to tho foliage. As to its application, 
I advocate sponging in all dressings of this description- 
Syringing is a very ready means, but very wasteful. No doubt 
sponging consumes more time, but taking into consideration i&e 
*more effectual manner in which the dressing can be executed 
alone, it is in the end most economical, especially in. regard to 
this little parasite. I have found it difficult by syringing, m it 
has great power of resisting and throwing off moisture, and if 
but a very few are left living, it is astonishing how quickly it 
redistributes itself. I fool confident, that by tho application of 
this remedy in time another season, I shall keep this collection 
clean. I believe planting the hollyhock in large crowded beds 
should be avoided, as I tiave observed tho closer they arc 
growing the more virulently does tlio disease attack them, 
whereas isolated rows and plants aro "but little injured/' * 

The " Gardener's Chronicle" has also sounded a note of warning 
that a species of tTredine has boon very destructive to polar* 
goniuras at the Cape of Good Hopo. Hitherto those plants 
* " Oardener'e OhwmioV Augaat 22, 1874, p, 243, 
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have not suffered mucTi in this country from parasites. Besides 
these, there are many other less troublesome parasites, such as 
Vredo filicum, on ferns ; Puccinia LycJimdearum^ on leaves of 
sweet-william ; TJredo Orchidis, on leaves of orchids, &c. 

If we would sum up the influences of fungi in a few words, it 
could be done somewhat in the following form. 

Fungi exert a deleterious influence 

On Man, 

When eaton inadvertently. 

By the destruction of his legitimate food. 

In producing or aggravating skin diseases. 

On Animals^ 

By deteriorating or diminishing their food supplies. 
By establishing themselves as parasites on some species. 

On Plants, 

By hastening the decay of timber. 

By establishing them sol voa as parasites. 

By impregnating the soil. 

But it is not proved that they produce epidemic diseases in 
man. or animals, or that the dissemination of tlieir multitudinous 
spores in the atmosphere has any appreciable influence on tho 
health of the human, race. Hence their association with cholera, 
diarrhoea, measles, scarlatina, and tho manifold ilia that flesh is 
foeir to, as producing or aggravating causes, must, in tho present 
state of our knowledge and experience, be doomed apocryphal. 
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XI 

HABITATS. 

IT commonly happens that one of the first inquiries which the 
student seeks to have answered, after an interest is excited in 
fungi, is Where, and under what circumstances, are they to bo 
found ? The inexperienced, indeed, require some guide, or much 
labour will bo expended and patienco lost in seeking microscopic 
forms in just such places as they are least likely to inhabit. Nor 
is it wholly unprofitable or uninteresting for others, who do not 
claim to be students, to summarize the habitats of these organ- 
isms, and learn how much the circumstances of their immediate 
surrounding elements influence production. For reasons which, 
will at once be recognized by the mycologist, the most satis- 
factory method of study will be somewhat that of the natural 
groups into which fungi are divided. 

AGARICOTI. There is such a close affinity between all the 
genera of this group that it will be a manifest advantage to take 
together all those fleshy pileate fongi, the fruit of which is 
borne on folded plates or gills* It must be premised of this 
group that, for the majority, shade, a moderate amount of mois* 
tore, and steady warmth, but not too great Heat, are required. 
A stroll through a wood in autumn will afford good evidence of 
the predilection of Agaricini, as well as some smaller groups, for 
such spots. A larger proportion will be found in woods, where 
shade is afforded, than on open heaths or pastures. These 
wood-loving forms will consist, again, of those which appear 
6n th0 soil, and. those which are found on rotten, stumps and 
decaying trees. Many of those -which grow on trees have a 
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lateral stem, or scarcely any stem at all. It may be remarked, 
that some species wMcli spring from the soil delight most in 
the shelter of particular trees. The Agarics of a beech wood will 
materially differ largely from those in an oak wood, and both will 
differ from those which spring up beneath coniferous trees. 

It may be accepted as true of the largest proportion of terres- 
trial species, that if they do not spring directly from rotten 
leaves, and vegetable debris in the last stage of decay, the 
soil will be rich in vegetable humus. A few only occur, on 
sandy spots. The gonus Marasmius is much addicted to dead 
leaves ; JZussula, to open places in woods, springing immediately 
from the soil. Lactarius prefers trees, and when found in 
exposed situations, occurs mostly under the shadow of trees.* 
UantkareUus, again, is a woodland genus, many of the species 
loving to grow amongst grass or moss, and some as parasites on 
the latter, Ooprinm is not a genus much addicted to woods, but 
is rather peculiar in its attachment to man if such expression, 
or one even implying domesticity, might be employed farm- 
yards, gardens, dunghills, the base of old gateposts and railings, 
in cellars, on plaster walls, and ovon on old damp carpets. 
Hygrophorm loves " tho open/' whether pastures, lawns, heaths, 
commons, or up tho slopes of mountains, nearly to the top of tho 
highest found in Great Britain. Cortinarius seems to have a 
preference for woods, whilst Bolbitius affects dung, or a rich 
soil. Lentinm, Panw, LenzUes, and Scliizopliyllwin all grow on 
wood. Coming to the subgenora of Agaricm^ wo find PUurotm, 
Orepidotus, Plutcus, Oollylia^ PJioliota, Flammula, SypJwloma, 
and some species of Psatkyra growing on wood, old stumps, or 
charcoal ; Amanita, TricMoma, and Hebeloma most attached to 
woods ; Cliiocybe and Mycena chiefly amongst leaves ; Nblanea 
amongst grass ; OmpliaUa and Qalera chiefly in swampy places ; 
LepiotalLeptonia, PsalUola, Stropharia, Pailocyle, and Psatftyretta 
mostly in open places and pastures ; Deconica and Pancfsolus 
mostly on dung ; JBntoloma and Olitopttw chiefly torrestiial, and 
the rest variable, 

* These predilftctions must be accepted as general, to which there will be 
exceptions. , 
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Of special habitats, we may allude to NyctaliSi of which 
the species are parasitic on dead fungi belonging to the genus 
Russula. One or two species of Agaricus, such as Agaricus 
tuberosus and Agaricus racemosu$> P., grow on decaying 
Agarics, whilst Agaricus Loveianus nourishes on Agaricm 
nebularis even before it is thoroughly decayed. A fow species 
grow on dead fir cones, others on old ferns, &c. Agaricus 
eepoestipes, Sow., probably of exotic origin, grows on old tan in 
hothouses. Agaricws caulicinalis, Bull, nourishes on old thatch, 
as well as twigs, &c. Agaricus juncicola^ Fr., affects dead 
rushes in boggy places, whilst Agaricus affricatus, Fr., and 
Agaricus sphagnicola, B., are attached to bog moss in similar 
localities. Some few species are almost confined to the stems of 
herbaceous plants. Agaricus petasatus, Fr. 3 Agaricus cucumis, P., 
and Pancillus panuoides, F., have a preference for sawdust. 
Agaricus carpophilus, Fr., and Agaricus fialaninus, P., have a 
predilection for beech mast, Agarieus wticcecola, B. and Br., 
seems to confine itself to nettle roots. Ooprinm radians, IV., 
makes its appearance on plaster walls, Coprinw domesticus, Fr., 
on damp carpets. The only epizoic species, according to M. 
Fries, is Aga/ricm cerussattts ?. nauseosus, which has been mot 
with in Bussia on the carcase of a wolf ; this, however, might 
have been accidental. Porsoon described Agaricw Neapolitcm^ 
which was found growing on coffee-grounds at Naples ; and 
more recently Viviani has described another species, Agariws 
Cqffe<B, with rose-coloured spores, found on old fermenting coffee- 
grounds at Genoa.* Tratinnick figures a species named Ago** 
ricus MarJcii, which was found in wine casks in Austria. A 
Ooprinm has, both in this country and on tie Continent, boon 
found, after a very short time, on the dressing of wounds, where 
there has been no neglect. A curious case of this kind, wHch. 
at the time excited great interest, occurred some fifty years since 
at St. George's Hospital. Some species Appear to confine them- 
selves to particular trees, some to come tip by preference on soil 
in garden pots. Certain species have a solitary, others a gre- 
garious habit, and, of the latter, Agcwicm gramynopodiwt Bull* 
* Tiviani, "I Fun&hi d'ltaHa." 
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Agaricus gambosus, Fr., Marasmius oreades, Fr., and some otters 
grow in rings. Hence it will be seen that, within certain limits, 
there is considerable variation in the habitats of the Agaricini. 

JBoleti do not differ much from Agaricini in their localization. 
They seem to prefer woods or borders of woods to pastures, 
seldom being found in the latter. One species, B. parasiticw, 
Bull, grows on old specimens of Soleroderma, otherwise they are 
for the most part terrestrial. 

Polypon also have no wide range of habitat, except in choice 
of trees on which to grow, for the majority of them are corti- 
colous. The section Mesopus, which has a distinct central stem, 
has some species which prefer the ground. Polyporw tuberaster, 
P., in Italy springs from the Pietrafungliaia,* and is cultivated 
for food as well as Polyporus avellanus^ which is roared from 
charred blocks of cob-nut trees. 

In other genera of the Polyjporei similar habitats prevail. 
Merulius lacrymans, Fr., one form of dry rot, occurs in cellars, 
and too often on worked timber ; whilst Merulius Mmantoide$ t 
Fr., is much more delicate, sometimes running over plants in 
conservatories. 

HYDNEL There is nothing calling for special note on the 
habitats of these fungi. The stipitate species of Sydnum arc 
some of them found in woods, others on heaths, one on fir-conos, 
while the rest have similar habitats to the species of Polyporw. 

ATJKIODLARINI. The genera Hymenoch&te, Slerww, and Oor~ 
ticimi) with some species of Thclepltora, run over corticated or 
decorticated wood; other species of Theleptiora grow on the 
ground. Tho Pezizoid forms of Cypliella and Solemet,, like species 
of Peziza, sometimes occur on bark, and of the former genus 
some on grasses and others on moss. 

CLAVABIBI. The interesting, often brightly-coloured, tufts of 
Clavariti are usually found amongst grass, growing directly from, 
tlio ground. Only in rare instances do they occur on dead leaves 
or herbaceous stems. Calocera probably should b classed with 
the UremeHini, to which its structure seems more closely allied. 
The species are derelopod on wood. The species of 

* BacUbttL's "Esculent Funguses, " Ed, L pp. 42, 11. 
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and Pistillaria are small, growing chiefly on dead herbaceous 
plants. One or two are developed from a kind of Sclerotlwii 
which is in fact a compact perennial mycelium, 

TBEMEiiLiNi. These cnrious gelatinous fungi are, with rare 
exceptions, developed on branches or naked wood; Tremella 
versicolor, B. and Br., one of the exceptions, being parasitic on a 
species of Qorticium, and Tremella epigcea, B, and Br., spreading 
over the naked soil. This completes our rapid survey of the 
habitats of the Ulymenomycetes. Very few of them are really 
destructive to vegetation, for the Agarics and Polyp ori found on 
growing trees are seldom to be seen on vigorous, but rather on 
dead branches or partly-decayed trunks. 

The GASTEROMYCETES are far less numerous in species, and also 
in individuals, but their habitats are probably more variable. 
The Hypog&i, or subterranean species, are found either near the 
surface or buried in the soil, usually in the neighbourhood of trees. 

PHALLOIDEI, In most cases the species prefer woody places, 
They are mostly terrestrial, and have the faculty of making their 
presence known, even when not seen, by the fotid odour which 
many of them exhale. Some of thorn occur in sandy spots, 

I. These resemble in their localities the Triehb* 
Species of Podaxon affect the nests of Termites in 
tropical countries.* Others are found growing amongst grass. 

TRIOHOGASTJJBS. These are chiefly terrestrial. The rare bat 
curious Batarrea gfialloides, P., has boon found on aand-Hlls, 
and in hollow trees. Tulostoma mawmcsum, IV,, occurs on old 
stone walls, growing amongst moss. Gtoaster strictim^ D. 0,, 
was at one time usually found on the sand of the Denes at Great 
Yarmouth. Although Lycoperdon giganteim, Batsck, occurs 
most frequently in pastures, or on hedge banks in fields, we 
have known it to occur annually for some consecutive years 
in a garden near London* The species of Scl&ro&erma 0oom to 
prefer a sandy soil. Agl&ocy&tw is rather an anomalous genus, 
occurring on the fruit heads of OypewA, ia India* Broomia 
occurs at the Cape on rotten wood* 

* An eKoefleat white Agaric occurs oa aat nests in the KoHgherrles, a&d & 
cutfotw speoiefi te owad in a similar jMSsitlon In Oeylon, 
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MYXOGASTBES. Rotten wood is one of the most favoured ot 
matrices on which these fungi develop themselves ; some of 
them, however, are terrestrial. JEitlialium will grow on spent 
tan and other substances. Species of Diderma flourish on 
mosses, jungermannios, grass, dead leaves, ferns, <fec. Angiori- 
Mwn simwsum, Grev., will run over growing plants of different 
kinds, and Spmiaria, in like manner, encrusts living grasses. 
jBadJtafliia not only flourishes on dead wood, but one species is 
found on the fading leaves of coltsfoot which are still green. 
Cratcriwm runs over almost any substance which lies in its way. 
Licea perreptans was found in a cucumber frame heated with 
spent hops. One or two Myccogastres have been found on lead, 
or even on iron which had been recently heated. Sowerby 
found one on cinders, in one of the galleries of St. Paul's 
Cathedral. 

NIDU.OARIACEI grow on the ground, or on sticks, twigs, chips, 
and other vegetable substances, such as sawdust, dung, and 
rotten wood. 

The CONIOMTOBTES consist of two sections, which are based on 
their habitats. In one section the species arc developed on dead 
or dying plants, in the other they are parasitic on living plants 
The former includes the SpJtcsronemei^ which are variable in their 
proclivities, although mostly preferring dead herbaceous plants 
and the twigs of trees. The exceptions arc in favour of Sph&r~ 
enema, some of which are developed upon decaying fungi. In tho 
largo genera, Septoria, Ascocfiyta, Pkyllosticta, Asteroma, &c,, 
the favourite habitat is fading and dying leaves of plants of all 
kinds. IB. the majority of cases these fungi are not autonomous, 
but are merely the stylosporous conditions of Sph&ria, They 
are mostly minute, and the stylospores are of the simplest kind. 
The Melanconiei have a preference for the twigs of trees, burst- 
ing through tho bark, and expelling the spores ia a gelati- 
nous mass. A few of them are foliicolous, but the exceptions 
are comparatively rare, and are represented chiefly in Qlmo* 
tiporium, species of which are found also on apples, poaches, 
nectarines, and other fruits. The Torulacei are superficial, 
having much of the external appearance of the black moulds, 
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and like them are found on decaying vegetable substances, old 
stems of herbaceous plants, dead twigs, wood, stumps of trees, &c. 
The exceptions are in favour of such species as Torula sporendo- 
nema, which is the red mould of cheese, and also occurs on rats' 
dung, old glue, &c, and ftporendonema MUSGCB^ which is only 
the conidia of a species of Acldya. One species of Bactridium 
is parasitic on the hymonium of Peziza, and JSchinobotryum 
atrum, on the ilocci of black moulds. 

In the other section of Coniomycetes the species are parasitic 
upon, and destructive to, living plants, very seldom being found 
on really dead substances, and even in such rare cases un- 
doubtedly developed during the life of the tissues. Mostly the 
ultimate stage of these parasites is exhibited in the ruptured cu- 
ticle, and the dispersion of the dust-like spores; but in Tilletia, 
caries, TliecapJiora hycdina, and Puccinia incarcerata,ihQy remain 
enclosed within the fruit of the foster-plant. The different 
genera exhibit in some instances a liking for plants of certain 
orders on which to develop themselves. Peridermiu'in attacks 
the Conifers; Oymnosporangium and Podisoma the different 
species of Juniper; Melawpffora chiefly the loaves of deciduous 
trees ; Moestelia attaches itself to pomaceous trees, whilst Gra* 
phiola affects the 3?$lwace<&, and Undopltyllim the succulent 
loaves of houselook. In JEcidium a fow or dors scorn to be more 
liable to attack than others, as tho Compoitlt^ 
Leguminos&t Laliat^ &a, whilst others, as the 
JEricacece, Malvace&, Qrwifer&, are exempt. There are, never- 
theless, very fow natural orders of phanerogamous plants in 
which some one or more species, belonging to this section of tho 
Coniomycetes, may not bo found; and the same foster-plant will 
occasionally nurture several forms. Recent investigations tend 
to confirm the distinct specific characters of tho species found 
on different plants, and to prove that the parasite of one host 
will not vegetate upon another, however closely allied. This 
admission must not, however, b accepted as universally appli- 
cable, and therefore it should not be assumed, because a 
certain parasite is found developed on a special host, that it is 
distinct^ unless distinctive characters, apart fcona habitat, can b 
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detected. Msidium compositor mi and JEdSium rannnculacectrum, 
for instance, are found on various composite and ranunculaceous 
plants, and as yet no sufficient evidence has been adduced to 
prove that the different forms are other than varieties of one 01 
the two species. On the other hand, it is not improbable that 
two species of Mcidium are developed on the common berberry, 
as Be Bary has indicated that two species of mildew, Puccinia 
graminis, and Puceiwa straminis, are found on wheat. 

HIPHOMTCETES. The moulds are much more universal in their 
habitats, especially the Mucedines. Tho Isariacei have a pre~ 
dilection for animal substances, though not exclusively. Some 
species occur on dead insects, others on decaying fungi, and the 
rest on sticks, stems, and rotten wood. Tho Stillacei have also 
similar habitats, except that the species of Illosporiim seem to be 
confined to parasitism on lichens, The black moulds, Dematiei, 
are widely diffused, appearing OB herbaceous stems, twigs, bark, 
and wood in most cases, but also on old linen, paper, millboard, 
dung, rotting fruit, &c., whilst forms of Cladosporiim and Jfacro- 
yorim are met with on almost every kind of vegetable substance 
in which the process of decay has commenced. 

Mucedines, in some instances, have not boon known to appear 
on more than one kind of matrix, but in tho far greater number 
of cases they flourish on different substances. Aspergillus 
fjlaucm and Penieillium crwtaceum aro examples of those urn- 
versal Mucedines. It would be for more difficult to mention 
substances on which these moulds are never developed than to 
indicate where they have been found. With tie species^ of 
f&onotpora it is different, for these are truly parasitic on living 
plants, and, as far as already known, the species are confined to 
certain special plants, and cannot be made to vegetate on any 
other. The species which causes the potato murrain, although 
liable to attack the tomato, and other species of SolanWM, #oeS 
not extend its ravages beyond that natural order, whilst JPtff tf~ 
Wpora f&raritica confines itself to cruciferous plants. On6 
species is restricted to the Umbellifwa, another, or perhaps two, 
fa the Zeywmotai, another to SMtoea, two or three to 
two or three to Oaryqptylfa***- All the 
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ments made by De Bary seem to prove that the species of 
PeronosporOtWill only flourish on certain favoured plants, to the 
exclusion of all others, The non- parasitic moulds are scarcely 
exclusive. In Oidium some species are parasitic, but probably 
all the parasitic forms are states of 'Erysvphe^ the non-parasitic 
alone being autonomous ; of these one occurs on Porrigo lupi- 
nosa, others on putrefying oranges, pears, apples, plums, &c., 
and one on honeycomb. Acrospeira grows in the interior of 
sweet chestnuts, and we have scon a species growing within the 
hard testa of the seeds of Gmlandina JBonduG^ from India, to 
which there was no external opening visible, and which was 
broken with considerable difficulty. Several Mttcedines are 
developed on the dung of various animals, and seldom on any- 
thing else. 

The PJiywmycetes consist of two orders, Antvnnariei and Mu~ 
coring "which differ from each other almost as much in habitat 
as in external appearance. Tho former, if represented by Anton* 
naria, runs over the green and fading leaves of plants, forming 
a dense black stratum, like a congested layer of soot; or in Zas- 
midiwi, the common cellar fungus, runs over the walls, bottles, 
corks, suad other substances, like a thick sooty felt. In the Mu~ 
coring as in the MucecKn0s f there is usually loss restriction to 
any special substance. Mttcor wwoedo occurs on bread, paste, 
preserves, and various substances ; other species of Muco^ sox& 
to have a preference for dung, and some for decaying fungi, but 
rotting fruits are nearly sure to support one or other of the 
species. The two known species of the curious gentis 
as well as Hydrophora, aro confined to dung, 
giteS) &c., flourish on rotten Agarics, whore they pass through 
their somewhat complicated oxiBtonce* 

The A&comyce-tes contain an immonso number of species, and in 
general terms we might say that they aro found everywhere. The 
Tuber acei are subterraneous, with a preference for calcareous dis- 
tricts. The P&risporwoei are partly parasitical and partly not. 
The jErysiph&i include those of the former which flourish, at thu 
expense of the green parts of roses, hops, maples, poplars, peas, 
and many other plants, both in Europe and in Korth America, 
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whilst in warmer latitudes the genus Meliola appears to take 
their place. 

The JSlvellacei are fleshy fungi, of which the larger forms are 
terrestrial ; Morchella, Ch/romitra, and Helvetia mostly growing 
in woods, Mitrula, Spatfiularia, and Leotia in swampy places, 
and G-eoglossum amongst grass. The very large genus Pcziza 
is divided into groups, of which Aleurice are mostly terrestrial. 
This group includes nearly all the large-sized species, although 
a few belong to the next. LaoJinece are partly terrestrial and 
partly epiphytal, the most minute species being found on twigs 
and leaves of dead plants. In PMalea the species are nearly 
entirely epiphytal, as is also the case in Helotium and allied 
genera. Some species of Pcziza are developed from the curious 
masses of compact mycelium called Bderotia. A few are rather 
eccentric in thoir habitats. P. viridaria, P. domestica, and P. 
"hcemmtigma^ grow on damp walls ; P.granulata and some* others 
on dung, Pczissa 3ulli% was found growing on a cistern, P, the* 
leboloides appears in profusion on spent hops. P, epispJi&ria, 
P. clavariarum, P. vulgaris^ ITelotium prui/nosK/m^ and others are 
parasitic on old fungi. One or two species of Relotiwn grow on 
submerged sticks, so as to bo almost aquatic, a circumstance of 
rare occurrence in fungi. Other Discomycetes aro similar in 
their habitats to the Mvellacei. Tho group to which tho old 
genus Ascobolus belongs is in a groat measure confined to tho 
dung of various animals, although there are two or throe ligni 
colous species ; and Ascophanw saccharinw was first found on 
old leather, Mcopbanus testaceus on old sacking, &c. Ascomyoes 
is, perhaps, the lowest form which ascomycetous fungi assume, 
and the species aro parasitic on growing plants, distorting the 
leaves and fruit, constituting themselves pests to the cultivators 
of peach, pear, and plum trees. 

The 8]pltriacti include a very large number of species wMclx 
grow on rotten wood, bark, sticks, and twigs ; another grotip te 
developed on dead herbaceous stems j yet another is confined to 
dead or dying leaves. One genus, Torri&ia, grows chiefly 
insects; Sypwyces is parasitic on dead faa&i; Otawfatp* is 
Joped from ergot, Poroma on dung, Polyttiffm on living 
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as well as some species of Stigmatea and DotJddea. Of the 

genus BplicGria^ a considerable number are found on dung, now 

included by some authors under Sordaria and Bporormia, genera 

founded, as we think, on insufficient characters. 

A limited number of species are parasitic on 

lichens, and one species only is known to be 

aquatic. 

Wo have thus rapidly, briefly, and casually 
indicated the habitats to which the majority 
of the larger groups of fungi are attached, 
regarding thorn from a systematic point of 
view, There is, however, another aspect from 
which we might approach the subject, taking 
the host or matrix, or in fact the habitat, aw 
the basis, and endeavouring to ascertain what 
species of fungi are to bo found in nnch posi- 
tions. This has partly been done by M. West- 
cndorp;* but every year adds considerably to ^[^ 
the number of species, and what might havo mt ' ni * 
been moderately accurate twelve years since can scarcely bo so 
now* To carry this out Mly a special work would bo neces- 
sary, so that we shall be content to indicate or suggest, by means 
of a few illustrations, the forms of fungi, often widely distinct 
in structure and character, to be found in tho same locality 

The steins of herbaceous plants are favourite habitatw for 
minute fangi. Tho old stems of tho common nettle, for ex- 
ample, perform the offico of host to about thirty gp ecio&t Of 
these about nine arc Feziz^ and there are as m&ay sp hwiacoons 
fungi, whilst three species of DendfypHwm^ besides other mouldy 
soloct this plant. Some of these have not hitherto been ctetocW 
growing on any other stems, such aa $$h<&na wtw<& and JLo2>kio&* 
toma ww-nueleatwrn, to which we might add Peteteajfytarioidet arid 
Dendrt/pUum gmevm* These do not, however, include the whok 
of ttto ftmgi found on the nettle, since others are paraaitie upon 

* Weartentop, ** Lee Cryptogams aptto leun* Rations nattt toiler " 
t Otoke, "Cm K^fctle Stems and tkoir Mlwo^ttttg^/' in "Joani, Qaeketfe 
, Olub/' ill p T 69. 

B 2 
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its living green parts, Of these may be named JEoidium urtic<s 
and Peronospora urticcs, as well as two species described by 
Desmazieres as Fusisporiwm urticte and 8eptoria urtic. Hence 
it will be seen how large a number of fungi may attach them- 
selves to one herbaceous plant, sometimes whilst living, but most 
extensively when dead. This is by no means a solitary instance, 
but a type of what takes place in many others. If, on the other 
hand, we select such a tree as the common lime, wo shall find 
that the leaves, twigs, branches, and wood bear, according to 
M. Westendorp,* no less than seventy-four species of fungi, and 
of these eleven occur on the leaves. The spruce fir, according to 
the same authority, nourishes one hundred and fourteen species, 
and the oak not less than two hundred. 

It is curious to note how fungi arc parasitic upon each other 
in some instances, as in that of Hypomyces, characteristic of tho 
genus, in which sphoeriaceous fungi make hosts of dead Lctfitani^ 
&c. We have already alluded to Nyclalis^ growing on decayed 
JRussulte, to JSoletws parasiticus, flourishing on old Solerodcrma^ 
and to Agaricus Loveianus, on the pilous of Agaricw nebularto* 
To these we may add Torrubia opMoglossoides and T. cay)ifata t 
which flourish on decaying JSlttpJiomyces, Stilbum tomGnto&uvi on 
old Trickta^ Peziza Clavariarum on dead Clavaria, and many 
others, the mere enumeration of which would scarcely provo 
interesting, A very curious little parasite was found by Messrs, 
Berkeley and Broome, and named by them Hypocrea inclum^ 
which makes itself a home in the interior of truffles. Mueors 
and moulds flourish on dead and decaying AgaricB, and other 
fleshy forms, in great luxuriance and profusion. Muoor ramoBUS 
is common on Boletus luridus, and SyzygiteB megcdooar^us on 
Agarics, as well as Acrostalagmw cwnobarinw. A very curious 
little parasite, JScMnolotrywm atrtm 9 occurs like minute noduleB 
on th<a flocci of black moulds. Bactridiam Ielmll< usurps tho 
fructifying disc of species of Peziza, A small SfUwtrinto is 
found both in Britain and the United States on old Polypori, 
In Sfl/MBria nigemma, Nectria episjo'kana) and two or throe 



Wostendorp, " Lea Cryptogams aprds lews stations naturolles," 
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others, we liavo examples of one sphooriacoous fungus growing 
upon another. 

Mr. Phillips has recently indicated tho species of fungi found 
by him on charcoal beds in Shropshire,* but, useful as it is, that 
only refers to one locality. A complete list of all the fungi 
which have been found growing on charcoal beds, burnt soil, 
or chaiTed wood, would bo rather extensive. The fungi found 
in hothouses and stoves are- also numerous, and often of con- 
siderable interest from tho fact that they have many of them 
never boon found elsewhere. Those found in Britain,f for in- 
stancOj are excluded from tho British Flora as doubtful, because, 
growing upon or with exotic plants, they are deemed to be of 
oxo tic origin, yet in very few cases are they known to be inha- 
bitants of any foreign country. Somo species found in such 
localities are not confined to them, as Agarisus ccGpcstipcs, 
Agaricwt erlstatus, Mttialimn vaporarium, &c, It is somewhat 
singular that certain species have a predilection for growing in 
proximity with other plants with which they do not appear to 
have any more intimate relation. Truiflos, for instance, in anso* 
ciation with oaks, Pcziza lanuginom under codar-trceK, 
nanginin carnctm about tho root$ of 18ucalj/pti, and 
species of Agcwicini) which are only found under trees of & par- 
ticular kind. As might bo anticipated, there is no moro forfcile 
habitat for fungi than tho dung of animalB, and yot th<* kinds 
found in uch locations belong to but a few groups* Amongst 
the &ititx>mi/0ete$, a limited number of tho gcwus P&sfism ar 
fimicolous, but tho allied genus AftcololuSy and it OTO Htttmh 
diato allioH, include amongnt its spocioH a largo majority that ar0 
found on dung* If w tako tho number of #poeios at gbcty^fottr, 
thcro aro only sovon or eight which do liot oocw on dang, whi Isfc 
fifty-eisc arc fimicolous* Tho apocioB of S$h&ri& which arc found 
<m the name BubBtancos aro also closely allied, and porno Ccmtir 
authors have grouped tliem W&&&K tib0 two proposed 



Chronicle," 1874 
W* a, 8mtth, in Jonm Botany/' Maro^ 1873; Berkley, to '< 
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genera Sporormia and Sordarla, whilst Fuckel * proposes a dis- 
tinct group of jSpTiteriacei, under the name of Fimicott, in whicli 
he includes as genera Coprolepa, Hypocopra, Delitscliia, Sporor- 
mia, Pleopliragmia> Malinvernia, Sordaria, and Cercopkora. The 
two species of Pilololus, and some of Mucor^ are also found on 
dung, Isaria felina on that of cats, Stilbum Jimetarium and a 
few other moulds, and amongst Agarics some species of Gopnnus. 
Animal substances are not, as a rule, prolific in the production 
of fungi, Ascobolm saccharinus and one or two others have 
been found upon old leather. Onygena of two or throe species 
occurs on old horn, hoofs, &c. Cheese, milk, &c., afford a few 
forms, but the largest number infest dead insects, either under 
&e mouldy form of Isaria or the more perfect condition of Tor- 
ulia, and occasionally under other forms. 

Eobin f has recorded that three species of SracMnm^ of the 

>rder Coleoptera, have been found infected, whilst living, with a 

ainute yellow fungus which he calls Lctloulbenia Rowgeti) arid 

he same species has been noted on other beetles. TorrMa 

\Telo2ontfta J has been described by Tulasne as occurring on the 

laybug or cockchafer, wbich is allied to, if not identical with, 

lordyceps Ravenelii, B, and 0., and also that described and figured 

y M. Fougeroux de Bondaroy. Torrubia cwrculionwn, TuL, 

?curs on several species of beetles, and seems to bo by no means 

icommon in Brazil and Central America. Torrubia cccspltosa^ 

ill, which may be the samo as Cordyceps Sinclair i, B.,|| is found 

L the larvae of Ortkoplera in JSTow Zealand, Torrulia Miqml'd 

\ the larvae of Cicada in Brazil, and Torrubia sobollfera on the 

tpsa of Cicada in the West Indies. A romantic account is 

ran of this in an extract cited by Dr. Watson In his communi- 

fcion to the Eoyal Society. T " The vegetable fly is found in 

3 island Dominica, and (excepting that it has no wings) re* 

k Puoiel, " Symbols Mycologicce," p. 240. 

Robin, " V6g4t. Parasites," p. 622, t. viii, 1 1, 2. 

: Tulaane, "Selecta Fung, Carp." iii p. 12. 

" ffifffc. de 1'Aoad; des Soieaces," 1769. Paris, 1772. 

teeley, " Orypt. Bot." p. 73 ; Hoofcer, '< New Zealand Bora," ii 8&B. 
[ " RulosopMoal Tranaacfcloas,' 7 lixi. (1763), p. 271. 



HABITATS. 247 

sembles tlie drone, both in size and colour, more than any other 
English insect. In the month of May it buries itself in the 
earth and begins to vegetate. By the latter end of July, the 
tree is arrived at its full growth, and resembles a coral branch, 
and is about three inches high, and bears several little pods, 
which, dropping off, become worms, and from thence fliea, like 
the English caterpillar." Torrubia Taylori, which grows from 
the caterpillar of a large moih in Australia, is one of the- finest 
examples of the genus. Torrubia, Hoberfsii^ from Now Zealand, 
has long been known as attacking tho larva of Hvpialw 
virescens. There are several other species on larveo of different 
insects, on spiders, ants, wasps, &c., and one or two on mature 
Lepidoptcra, but tho latter soem to be rare* 

That fungi should make their appearance and flourish in 
localities and conditions generally eonnidored inimical to vegetable 
life is no less strange than true. Wo have already alluded to 
tho occurrence of some Bpocies on spent inn, and BOUIO otborw 
havo been found in locations OK Btrango. "Wo liavo BOOB a yellow 
mould resembling Sporotricliuiu in tho heart of a ball of opium^ 
also a white mould appears on tho wamo nubstanco, and more 
than one species is troublesome in tho opium factories of India. 
A mould mado its appearance somo years Binco in a eoppar 
solution employed for eloctrotyping in tho Survey 
of tho United States,* decomposing tho salt, and 
tho copper. Other organisms have appeared from time to 
in various inorganic solutions, some of which woro con&itferod 
destructive to vegetable life, and it is liot improbable i&at woma 
of those organisms wore low conditions of mould. It may welt 
occasion Home surprise that fungi ghouM b0 fotmd growing 
within cavities wholly excluded from tho **xtaml air, a# in tha 
hollow of filberts, and tho hardw gltollod wite of OuSknMn^ In 
tho cavities of tho fruit of tomato, or m ttio interior of am 
B is scarcely long extraordinary that IfyjMW0& inetusa 
Sourish in the interior of a kind of traffic 

From the abovo it will b oonoladbd that tho hiibltatK of fungi 
r exceedingly variable, fchafc tjiey taay t)0 T^a?d0d m almop* 
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universal wherever decaying vegetable matter is found, and 
that tinder some conditions animal substances, especially of 
vegetable feeders, such as insects, furnish a pabulum for then- 
development. 

A very qurious and interesting inquiry presents itself to our 
minds, which is intimately related to this subject of the habitats 
of fungi. It shapes itself into a sort of "puzzle for tho curious," 
but at the same time one not unprofitable to think about. How 
is the occurrence of new and before unknown forms to be 
accounted for in a case like the following ? * 

It was our fortune good fortune as far as this investigation 
was concerned to have a portion of wall in our dwelling per- 
sistently damp for some months. It was close to a cistern 
which had become leaky. The wall was papered with tc marbled " 
paper, and varnished. At first there was for some time nothing 
worthy of observation, except a damp wall decidedly damp, 
discoloured, but not by any means mouldy. At length, and 
rather suddenly, patches of mould, sometimes two or three 
Inches in diameter, made their appearance. These were at first 
)f a snowy whiteness, cottony and dense, just like large tufts of 
sotton wool, of considerable expansion, but of miniature eleva- 
don. They projected from the paper scarcely a quarter of an 
nch. In the course of a few weeks the colour of the tuffcs 
>ecame less pure, tinged with an ochraceous hue, and resembling 
^ool rather than cotton, less beautiful to the naked eyo, or under 
lens, and more entangled. Soon after this darker patches 
iade their appearance, smaller, dark olive, and mixed with, or 
lose to, the woolly tufts ; and ultimately similar spots of a 
endritic character either succeeded the olive patches, or were 
idependently formed. ^Finally, little black balls, like small 
in heads, or grains of gunpowder, were found scattered about 
le damp spots. All this mouldy forest was more than, six 
Lonths under constant observation, and during that period was 
aid sacred from the disturbing influences of the housemaid's 
room and duster. 

Curiosity prompted us from the first to submit the mouldy 
* "Popular Science Eeview/'yoL x. (1871), p. 25. 
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denizens of tho wall to the microscope, and this curiosity was 
increased week by week, on, finding that none of the forms 
found vegetating on nearly two square yards of damp wall 
could be recognized as agreeing specifically with, any described 
moulds with which wo wore acquainted. Here was a problem 
to bo solved under tho most favourable conditions, a forest of 
mould indoors, within a few yards of the fireside, growing quite 
naturally, and all strangers. Whence could these new forms 
proceed ? 

The cottony tufts of white mould, which were the first to 
appear, had an abundant mycelium, but tho erect threads which, 
sprang from this were for a long time sterile, and closely inter- 
laced. At length fertile thready wore developed in tufts, mixed 
with tho sterile threads. These fruit-bearers were shorter and 
stouter, more sparingly branched, but beset throughout nearly 
their whole length with short patent, alternate branchletB* 
These latter wore broadest towards tho apex, so as to bo almost 
clavato, and tho extremity was bfsel with two or throe short 
spiculos, Each Hpiculo was normally surmounted by an obovate 
spore, Tho presence of fertile threads Imparted tho oehracoous 
tint above alluded to. This tint was alight, and perhaps would 
not haro boon noticed, but from tho clone proximity of the snow* 
white tufts of barren threads* The fertile flocci wore decumbent, 
probably from the weight of the sponw, and the tufts woro a 
little elevated above the surface of the matrix. This moald 
belonged eloarly to tho Mmedinc^ but ifc hardly accorded well 
with any known gonus, although moat intimately related 
to Kldnotriotimi) in which it was placed as XtMnotriohum 



Tho wluto mould having become oHtabli&hed for a week or 
two, small blackish spots made their appearanco on the paper, 
gjomotiiues amongst thin patches of tho mould, and sometimes 
Cflitmde tliom. Those spots, at first cloudy and indefinite, varied 
in size, but were usually less than a quarter of an ineh in 
diameter. The varnish, of tibus paper was aJftorw&rds pushed off 

Speimw of this mould wore <Jista?lki&xl fo Ooofce's "Fuagl Brifewnidi 
Ho, W$> twter Uto name of OKnofrichum fawmm* 
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in little translucent flakes or scales, an erect olivaceous mould 
appeared, and the patches extended to nearly an inch in 
diameter, maintaining an almost universal circular form. This 
new mould sometimes possessed a dirty reddish tint, but was 
commonly dark olive. There could be no mistake about the 
genus to which this mould belonged ; it had all the essential 
characters of Penicillium. Erect jointed threads, branched in 
the upper portion in a fasciculate manner, and bearing long 
beaded threads of spores, which formed a tassel-like head, at 
the apex of each fertile thread. Although at first reminded of 
Penicillitm otivaeemi, of Corda, by the colour of this species, it 
was found to differ in the spores being oblong instead of globose, 
and the ramifications of the fioeci wore different. Unable again 
to find a described species of Penicillium with which this now 
mould would agree, it was described under the name of Peni* 
tillium chartarwm.* 

Almost simultaneously, or but shortly after the perfection 
of the spores of PentciUitm, other and very similar patches 
appeared, distinguished by the naked eye more particularly by 
their dendritic form. This peculiarity seemed to result from the 
dwarfed habit of the third fungus, since the varnish, though 
cracked and raised, was not cast off, but remained in small 
angular fragments, giving to the spots their dendritic appearance, 
the dark spores of the fungus protruding through tho fissures. 
This same mould was also found in many cases growing in tho 
same spots amongst Penicillium chartarum, but whether from 
the same mycelium could not be determined. 

The distinguishing features of this fungus consist in an 
extensive mycelium of delicate threads, from which ariBO 
numerous erect branches, bearing at tho apox dark brown 
opaque spores. Sometimes the branches wore again shortly 
branched, but in the majority of instances were single, Tho 
septate spores had from two to four divisions, many of thorn 
Divided again by cross septa in the longitudinal direction of the 
&pore so as to impart a muriform appearance. As far as tho 
jtraeinire and appearance of the spores are concerned, they r0 
* Oooke'a Handbook of British fwigi," p. 602. 
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sembled those of Sporidesmium polymorgbim, under which name 
specimens were at first published,* but this determination was 
not satisfactory. The mycelium and erect threads are much too 
highly developed for a good species of Sporidesmium^ although 
the name of Sporidesttiium alternaria was afterwards adopted. 
In fresh specimens of this fungus, when seen m situ by a half- 
inch objective, the spores appear to be moniHform, but if so, all 
attempts to see them so connected, when separated from the 
matrix, failed. On one occasion, a very immature condition was 
examined, containing simple beaded, hyaline "bodies, attached 
to each other by a uliort neck. The same appearance of 
beaded spores, when noon in situ, was recognized by a myco- 
logical friend, to whom specimens wore submitted for con* 
firmation.t 

The last production which made its appearance on our wall- 
paper burst through the varnish as Httlo black spheres, like 
grains of gunpowder. At first tlio vamish was elevated by 
pressure from beneath, then the film was broken, and the little 
blackish spheres appeared. Those were, in the majority of canes, 
gregarious, but occasionally a fow of tlio spheres appeared 
singly, or only two or three together. AH the wliolo surface of 
the damp paper was covered by those different faugi, It 
scarcely possible to regard any of them as inolated, or to 
that one was not connected with the mycolmm of llio others* 
The littlo spheres, whoa the paper was torn from the wall, wore 
also growing from the imdor surface, flattened considerably by 
the procure. Tito spherical bodies, or podthocia, wore seated 
on a plentiful hyaline mycelium. The walls of tibo porithocia, 
rather more carbonaceous than mombraaacooas, &J?Q rotiemktod, 
reminding one of tho concopfcaolos of Styaip'h^ to which the 
periihocia boar considerable rosemtolaBce. Tho ostiolum is so 

Cook*'* "Ftwgt BriUtttttei BxIeoati, M $K 20 unto ilie wmue ol 



of ]?reu^fi Aliwiwrt&, %ttrdt la flteurm'B "Flora j" it 
hog l>eou aaggestod that tKe mould, us flooa wheix examined uudor a ixwor ol 
JJ^O diarn,, $ fery mnob. Uko & Macrosporium. A^aba arises the quostiou of the 
strings of fi|>cr6fl attached cud to cud, 
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obscure that we doubt its existence, and hence the closer affinity 
of the plant to the Perisjporiacei than to the Spli&nacei. The 
Interior of the perithecium is occupied by a gelatinous nucleus, 
consisting of elongated cylindrical asei, each enclosing eight 
globose hyaline sporidia, with slender branched paraphyses. A 
new genus has been proposed for this and another similar form, 
and the present species bears fche name of Orbicula cyclospora.* 
The most singular circumstance connected with this narrative 
is the presence together of four distinctly different species of 
fungi, all of them previously unknown and undoscribed, and no 
trace amongst them of the presence of any one of the very common 
species, which would be supposed to develop themselves under 
such circumstances. It is not at all unusual for ^forocybe 
alternate, B., to appear in broad black patches on damp papered 
walls, but in this instance not a trace was to be found. What 
were the peculiar conditions present in this instance which led 
to the manifestation of four new forms, and none of the old 
ones ? We confess that we are unable to account satisfactorily 
for the mystery, but, at the same time, feol equally unwilling to 
invent hypotheses in order to conceal our own ignorance. 

* " Handbook of British Fungi," vol. ii. p, 926, No. 2,788. 
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CULTIVATION. 

THE cultivation of fungi in this country for esculent purposes 
is confined to a single species, and yet there is no reason why, 
by a series of well-conducted experiments, means should not 
be devised for the cultivation of others, for instance, Maras- 
mius oreades, and the morel. Efforts have "been made on the 
Continent for the cultivation of truffles, but the success has 
hitherto been somewhat doubtful. For the growth of the com- 
mon mushroom, very little trouble and caro is required, and 
moderate success is certain. A friend of ours some years sinco 
was fortunate enough to have one or two specimens of the largo 
puff-ball, LycoperAon gigantewn, growing in his garden. Know- 
ing its value, and being particularly fond of it wfeon fried foi* 
breakfast, he was anxious to secure its permanence. The spot 
on which the specimens appeared was marked off and guarded, 
so that it was never desecrated by the spade, and the soil 
remained consequently undisturbed. Tear after year, so long 
as ho resided on the promines, he counted upon and gathered 
several specimens of the puff-ball, the mycelium continuing to 
produce them year after year. All parings, fragments, &o,, not 
utilised of the specimens eaten wore cast on ttiis spot to rot, so 
that somo of the elements might b returned to the soil. This 
was not true cultivation perhaps, as tib& fungus h&d first estab- 
lished ifcsolf, but it was preservation, and had its reward. It 
must be admitted, however, that the size and number of speci- 
mens ditnimehed gradually, probably from exhaustion of the 
soiL TM$ fengus, ihongk strong, is much approved by many 
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palates, and its cultivation might be attempted. Burying a ripe 
specimen in similar soil, and watering ground with the spores, 
has been tried without success. * 

As to the methods adopted for cultivation of the common mush- 
room, it is unnecessary to detail them here, as there are several 
special treatises devoted to the subject, in which the particulars 
are more fully given than the limits of this chapter will permit. f 
Recently, M. Chevroul exhibited at tho French Academy somo 
splendid mushrooms, said to have been produced by the following 
method : he first develops the mushrooms by sowing spores on 
a pane of glass, covered with wet sand ; then ho selects the most 
vigorous individuals from among thorn, and sows, or plants their 
mycelium in a cellar in a damp soil, consisting of gardener's 
mould, covered with a layer of sand and gravel two inches thick, 
and another layer of rubbish from demolitions, about an inch deep. 
The bed is watered with a diluted solution of nitrate of potash, 
and in about six days the mushrooms grow to an enormous 
size.J The cultivation of mushrooms for tho market, even in 
this country, is so profitable, that curious revelations sometimes 
crop up, as at a recent trial at the Sheriffs' Court for compenga* 

* Experiments were made at Belvoir, "by Mr. In#rum, in the cultivation of 
several species of Affaricini, but without KUBOSH, and a similar fate attended 
some spawn of a very superior kind from tho Swan Hirer, which was jmbmittod 
to the late Mr. J. Henderson. Ho result was obtained at Chiswick, either from 
fte cultivation of truffles or from the inoculation of grass-plot** with excellent 
spawn. Mr, Disney's experiments at the Hyde, ziecu Ingatestone, were made with 
dried truffles, and were not likely to fmcceed. The Viaoomte Nflo succeeded in 
obtaining abundant trufiles, in an enclosed portion of a wood fenced from wild 
boars, by watering the ground with an infusion of fresh specimens j but it is 
possible that as this took place in a truffle country, there might have been a crop 
without any manipulation, Similar trials, and it is aid successfully* have been 
made with tfofotus edutis. Specimens of prepared tru#Ie*apawn were neat many 
years since to tho "G-ardener's . Chronicle/' but they proved wtolm, Si Indeed 
they really contained any reliable spawn. 

t Bobinson, "On Mushroom Culture," JDondon, 1870, Outhlll, "On the 
Cultivation of the Mushroom, 1861. 4bercromble, "tfhe Gterdw MwtaHfcS 
ife Culture, &V 1802. 

if TOs has, however, not been confirmed, and it wsidered (how Jwrtty m 
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fcion by the Metropolitan Railway Company for premises and 
business of a nurseryman at Kensington. The Railway had 
taken possession of a mushroom-ground, and the claim for 
compensation was 716. It was stated in evidence that the 
profits on mushrooms amounted to 100 or 150 per cent. One 
witness said if 50 were expended, in twelve months, or perhaps 
in six months, the sum realized would be 200. 

Immense quantities of mushrooms are produced in Paris, as 
is well known, in caves, and interesting accounts have been 
written of visits to these subterranean mushroom* vaults of the 
gay city. In one of these caves, at Montrouge, the proprietor 
gathers largely every day, occasionally sending more than 
400 pounds weight per day to market, the average being 
about 300 pounds. There are six or seven miles' run of 
mushroom-bods in this cave, and the owner is only one of a 
large class who devote themselves to the culture of mushrooms. 
Large quantities of preserved mushrooms are exported, one 
house sending to England not loss than 14,000 boxes in a year. 
Another cave near "Frtfpillon was in full force in 18 67, sending 
as many as 3,000 pounds of mushrooms to the Parisian markets 
daily. In 1867, M. Rcnaudot had over twenty-one miles of 
mushroom-bods in one great cave atM6ry, and in 18G9 there 
were sixteen miles of bods in a cave at Fropillon. The tem- 
perature of these caves is so equal that the cultivation of the 
mushroom is possible at all seasons of the yoar, but the best 
crops are gathered in the winter. 

Mr* Robinson gives an excellent account, not only of the sub* 
torranoan, but also of the open-air culture of mushrooms about 
Paris. The open-air culture is never pursued m Paris during 
the summer, and rarely so in this country,* What might bo 
termed the domestic cultivation of muwhrooms is easy, thai is, 
the growth by inexperienced persons, for family consumption, of 
& bed of mushrooms in cellars, wood4iou80s, old tuba, bores, or 
other unconsidered places* Even in town and cities it is not 
tapr&6tieab|e, as horse- dtutg can always be obtained ik>m mews 

* This xttM&od fs jmrstidcl with gteat atiocess by Mr. liagrawt, at Blroir, aadby 
If a, 
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and stables. Certainly fungi are never so harmless, or seldom 
so delicious, as when collected from the bed, and cooked at once, 
before the slightest chemical change or deterioration could pos- 
sibly take place. 

Mr. Cuthill's advice may be repeated here. He says : " 1 
must not forget to remind the cottager that it would be a 
shilling or two a week saved to him during the winter, if ho had 
a good little bed of mushrooms, even for his own family, to say 
nothing about a shilling or two that he might gain by soiling to 
his neighbours. I can assure him mushrooms grow faster than 
pigs, and the mushrooms do not eat anything ; they only want 
a little attention. Addressing myself to the working classes, I 
advise them, in the first place, to employ their children or others 
collecting horse-droppings along the highway, and if mixed with 
a little road-sand, so much the bettor. They must bo deposited 
in a heap during summer, and trodden firmly. They will heat 
a little, but the harder they arc pressed the loss they will heat. 
Over-heating must bo guarded against j if the watch or trial 
stick which is inserted into them gets too hot for the hand to 
bear, the heat is too groat, and will destroy tno spawn. In that 
case artificial spawn must bo used when the bod is made up, but 
this expedient is to bo avoided on account of the expense. The 
easiest way for a cottager to save his own jypawn would bo to 
do so when he destroys his old bed ; ho will find all round the 
edges or driest parts of the dung one mass of superior spawn j 
let him keep this carefully in a very dry place, and when lie 
makes up his next bod it can then bo mixed with his summer 
droppings, and will insure a continuance and excellent crop. 
These little collections of horse-droppings and road-Band, if kept 
dry in shed, hole, or corner, under cover, will in a short time 
generate plenty of spawn, and will bo ready to bo spread on the 
surface of the bed in early autumn, say by the middle of Sep- 
tember or sooner. The droppings during the winter must bo 
put into a heap, and allowed to heat gently, say up to eighty or 
ninety degrees ; then they must bo turned over twice daily to 
let off the heat and stoam 5 if this is neglected the natural spawn 
of tie droppings is destroyed. The cottager ahxmld provide 
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himself with a few barrowfuls of strawy dung to form the 
foundation of his bed, so that the depth, when all is finished, be 
not less than a foot. Let the temperature be up to milk heat. 
He will then, when quite sure that the bed will not overheat, put 
on his summer droppings. By this time these will be one mass 
of natural spawn, having a grey mouldy and thready appear- 
ance, and a smell like that of mushrooms. Let all be pressed 
very hard ; then let moulcl, unsifted, be put on, to the thickness 
of four inches, and trodden down hard with tlio feet and watered 
all over ; and the back of a spade may now be used to make it 
still harder, as well as to piaster the surface all over." * Mush- 
rooms are cultivated very extensively by Mr. Ingram, at Belvoir, 
without artificial spawn. There is a great riding-house there, in 
which the litter is ground down by the horses' feet into very 
small bhreds. These are placed in a heap and turned over onco 
or twico during the season, when a large quantity of excellent 
spawn is developed which, placed in asparagus beds or laid under 
thin turf, produces admirable mushrooms, in the latter case as 
clean as in our best pastures.f 

Other species will sometimes bo soon growing on mushroom- 
beds besides the genuine mushroom, the spawn in such casos 
being probably introduced with the materials employed. We 
have seen a pretty crisped variety of Agaricus deallatw growing 
in pro fusion in suet a place, and devoured it accordingly. Some- 
times the mushrooms will, when in an unhealthy condition., be 
subject to the ravages of parasitic species of mould, or perhaps 
of ifypomyce^ 3j/laria wpomria has, in more tfaaax one instance, 
usurped tho place of mushrooms. Mr, Berkeley has received 
abundant specimens ia the Sclorotioid state, whleh he succeeded 
in developing in, sand under a bell glass* Of course under suck 
conditions there is much lose. The little fairy-ring champignon 
is an excellent and useful species* and it is a great pity that 
some effort should not b ma4e to procure it Iby cultivation, IB 

* Otrf&ill, " Treatise o& ttw Cultlv&fcfym of fa* Mushroom," p. 0. 

t Mr* Berkeley lately recommended^ afo o of the meetings of the Hortieul- 
tnral Society at South Kensington, that the railway arches ahould bo utilized foi 
the cnltlvaiion of nmehroonis. 

$ 
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Italy a kind of Polyporus, unknown In this country, is obtained 
by watering the Pietra funghala^ or fungus stono, a sort of tufa 
impregnated with mycelium. The Polypori, it ip said, take seven 
days to come to perfection, and may be obtained from the foster 
mass, if properly moistened, six times a year. There arc speci- 
mens which were fully developed in Mr. Leo's nursery at Ken- 
sington many years since. Another fungus is obtained from the 
pollard head of the black poplar. Dr. Badham says that it is 
usual to remove these heads at the atter end of autumn, as soon 
as the vintage is over, and their marriage with the vine is 
annulled ; hundreds of such "heads are then cut and transported 
to different parts ; they are abundantly watered during the first 
month, and In a short time produce that truly delicious fungus 
Agarieus caudicinus, which, during the autumn of the year, makes 
the greatest show in the Italian market-places. Those pollard 
blocks continue to boar for from twelve to fourteen years. 

Another fungus, which Dr. Badham himself roared (Polyporw 
avettmus), is procured by singeing, over a handful of straw, a 
block of the cob-nut tree, which is then watered and put by. 
In about a month the fungi make their appearance, and are 
quite white, of from two to three inches in diameter, and ox* 
collent to eat, while their profusion is sometimes so groat as 
entirely to hide the wood from whence they spring** It has 
been said that Boletus ettulis may bo propagated by watering 
the ground with a watery infusion of the plants, but wo have no 
knowledge of this method having boon pursued with success. 

The culture of truffles has been partially attempted, on the 
principle that, in some occult manner, certain troos produced 
truffles beneath thoir shade. It is true that truffles arc found 
under trees of special kinds, for Mr. Broomo remarks that $omo 
trees appear more favourable to the production of traffics than 
others. Oak and hornbeam are specially mentioned 5 btxt^ bo- 
sides tne$e, chestnut, birch, box, and hazel aro aIla<M to* Ho 
Tu&er mtivmi under beeon-tree% but also towler 
Vuter macrosporim under oaks, and Tuher 

Badtaa, 
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oaks and abole. The men who collect truffles for Covent Gar- 
den Market obtain them chiefly under "beech, and in mixed 
plantations of fir and beech.* 

Some notion may be obtained of the extent to which the trade 
of truffles is carried in France, when we learn that in the market 
of Apt alone about 3,500 pounds of truffles are exposed for sale 
every week during the height of the season, and the quantity 
sold during the winter reaches upwards of 60,000 pounds, whilst 
the Department of Vaucluso yields annually upwards of 60,000 
pounds. It may be interesting here to state that the value of 
truffles is so great in Italy that precautions are taken against 
truffle poachers, much in the same way as against game poachers 
in England. They train their dogs so skilfully that, while they 
stand on the outside of the truffle grounds, the dogs go in and 
dig for the fungi. Though there are multitudes of species, 
they bring out those only which are of market value. Some 
dogs, however, are employed by botanists, which will hunt for 
any especial species that may be shown to them. The great 
difficulty is to prevent them devouring the truffles, of which 
they are very fond. The best dogs, indeed, are true retrievers. 

The Count de Borch and M. do Bornholz give the chief ac- 
counts of th efforts that have been made towards the cultivation 
of those fungi They state that a compost is prepared of pure 
mould and vegetable soil mixed with dry leaves and sawdust, in 
which, when properly moistened, mature truffles are placed ia 
winter, either whole or ia fragments, and that after fee lapse of 
some time small truffles are found in the compost, f The most 
successful plan consists in sowing acorns oveo* a considerable 
extent of land of a calcareous nature ; and when the young oaks 
have attained the age of ton or twelve years, truffles are found 
in the intervals between the trees. This process was carried on 
io, the neighbourhood of Londun, wher$ truffle-beds had formerly 
existed, but where they had long ceased to be productivea fact 
indicating the aptitude of the soil for tJi purpose* In this c&se 

* Baton*, f'On fru0c Culture/' fo "Joura* ttorfc 8m" I p, 15 (I860), 
f Ho iai^ fcQWW, is, in gantt*t ^I4c0d 6ft tib*** treatises, as tfcay war* 
merely conjectural 

8 2 
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no attempt was made to produce truffles by placing ripe speci- 
mens in the earth, but they sprang up themselves from spores 
probably contained in the soil. The young trees were left 
rather wide apart, and were cut, for the first time, about the 
twelfth year after sowing, and afterwards at intervals of from 
seven to nine years. Truffles were thus obtained for a period 
of from twenty-five to thirty years, after which the plantations 
ceased to be productive, owing, it was said, to the ground being 
too much shaded by the branches of the young trees. It is the 
opinion of the Messrs. Tulasne that the regular cultivation of 
the truffle in gardens can never be so successful as this so-called 
indirect culture at Loudun, but they think that a satisfactory 
result might be obtained in suitable soils by planting fragments 
of mature truffles in wooded localities, taking care that the other 
conditions of the spots selected should be analogous to those of 
the regular truffle-grounds, and they recommend a judicious 
thinning of the trees and clearing the surface from brushwood 
etc., which prevents at once the beneficial effects of rain and of 
the direct sun's rays. A truffle collector stated to Mr. Broomo 
that whenever a plantation of beech, or beech and fir, is made on 
the chalk districts of Salisbury Plain, after the lapse of a fow 
years truffles are produced, and that these plantations continue* 
productive for a period of from ten to fifteen years, after which 
they cease to be so. 

M. G-asparin reported to the jurors of the Paris Exhibition of 
1855, concerning the operations of M, Rousseau, of Carpentras,, 
on the production of oak truffles in France. The acorns of over- 
green and of common oaks were sown about five yards apart, 
Tn the fourth year of the plantation three truffles woro found 5 at 
the date of the report the trees were nine years old, and over a 
yard in height. Sows were employed to search for tlio truffles 
Although these plantations consist both of tho evergreen and 
common oak, truffles cannot be gathered at the baao of tho kttur 
specijes, it so happening that it arrives later at a state of pro* 
duotion. The common oak, however, produces trafflcm like tho 
evergreen oak, this report states, for a groat number of tho 
natural truffle-grounds at Yaucluse are planted with common 
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oaks. It is remarked that tlio truffles produced from these 
are larger but loss regular than those of the evergreen oak, 
which are smaller, but nearly always spherical. The truffles are 
gathered at two periods of the year ; in May only white truffles 
are to bo found, which never blacken and have no odour ; they 
are dried and sold for seasoning. The black truffles (Tuber 
melanosporum) commence forming in June, enlarging towards 
the frosty season ; then they become hard, and acquire all their 
perfume. They arc dug a month before and a month after 
Christmas. It is also asserted that trufiles are produced about 
tho vine, or at any rate that the association of the vine is 
favourable to the production of truffles, because trufHo-plots near 
vines are very productive. Tho observation of this decided 
M. Eoussoau to plant a row of vines between the oaks. Tiio 
result of thia experiment altogether does not appear to have 
boon by any means flattering, for at tho end of eight years only 
little more than fifteen pounds wore obtained from a hectare of 
land, which, if valued at 45 francs, would leave very little profit. 
M. EouHseau also called attention to a meadow manured (sio) 
with paringfct of trufiloB, which wan said to have given prodigious 
results. 

Tho cultivation of minute fungi for scientific purposes haft 
boom incidentally alluded to and illustrated in foregoing chapter**, 
and consequently will not require such full and particular details 
horo. Somewhat intermediately, wo might ull&de to tho 0p0cios 
of Bokrotitwt, which aro usually compact, extera&Hy blackish, 
rounded or amorphous bodies, consisting of a cellular mass of 
the nature of a concentrated mycelium* Placed in favourable 
conditions, these forms of Sol&rotlwn trill develop the peculiar 
epoctos of fungus belonging to thorn, but m certain cases iho 
production, is more rapid and easy iaro in others. In tMft 
country, Mr, F. Carrey has been the most snco#sM in the cal- 
tlv&tion of Sclerotic The method adopted is to keep them in 
& moist, Bomewhat warm, but equable atmosphere, and with 
patience await the results. The welMcnown ergot of rye, wheat, 
fcitd other grasses may be o oultiv&tod, ami Mr* Carrey Jia# 
developed tlie ergot of the common rood by keeping the stem 
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immersed in "water. Tlie final conditions are small clavato bodies 
of the order SpJi&riacei, belonging to the genus Claviceps. The 
Sclerotiim of the Meocharis has been found in this country, but 
we are not aware that the Olamceps developed from it has been 
met with or induced by cultivation. One method recommended 
for this sort of experiment is to fill a garden-pot half full of 
crocks, over which to place sphagnum broken up until the pot is 
nearly full, on this to place the Sclerotia, and cover with silver 
sand ; if the pot is kept standing in a pan of water in a warm 
room, it is stated that production will ensue. Ergot of tho 
grasses will not always develop under these conditions, but 
perseverance may ultimately ensure success. 

A species of Sclerotium on the gills of dead Agarics originates 
Agraricus Merosus, another Agaricus cirrlwtus* but this should 
be kept in situ when cultivated artificially* and induced to 
develop whilst still attached to the rotten Agarics. Pezfaa tube- 
rosa, in like manner, is developed from ftolerotia, usually found 
buried in the ground in company with the roots of Anemono 
newwrosa. At one time it was supposed that sonic relationship 
existed between, the roots of tho anemone and the Sdwotm. 
From another SclwotiiW) found in the stems of bulrushes, Mr. 
Currey has developed a species ofPeaiza, which has boon namorl 
P. QwrreyanaSf This Peziza has boon found growing naturally 
from the Sclerotia imbedded in the tissue of common rushes, 
De Bary has recorded tho development of Peziza FiteMiam 
from a Sderotwm of which the conidia tako tho form of a species 
of Polyactis. Pezim ciborioides is developed from a Svlarotitm 
found amongst dead leaves ; and recently wo havo roeei wl from 
fche United States an allied Pema which originated from tti0 
Scl&rotia found on the petals of Magnolia, and which Im6 
txamed Peziza graciM/pes, Oooke, from its very slondoiv 
like stem, Other specios of Pezfaa are also known to be* 
leveloped from similar bases, and, those Fuckel has assoei&tod 

Pr. Bull ias been veiy successful in developing the Sderotium of AgariQW 



"0u Development of 8ctero1wm ro*&wf ia 
oL L p, H8. 
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together under a proposed new genus with the name of Sclero- 
tinia. Two or three species of Typliula> in like manner, spring 
from forms of Sclerotium, long known as Sclerotium compla- 
natum and Scleroti'Wfn, scutellatum. Other forms of Sclerotiwn 
are known, from one of which, found in a mushroom-bed, Mr. 
Currey developed Xylaria vaporaria, B., by placing it on damp 
sand covered with a bell glass.* Others, again, are only known 
in the sclerotioid state, such as the Sclerotium stipitatwn found in 
the nests of white ants in South India. t Prom what is already 
known, however, we feel justified in the conclusion that the 
so-called species of Sclerotium are a sort of compact mycelium, 
from which, under favourable conditions, perfect fungi may be 
developed. Mr. Berkeley succeeded in raising from the minute 
Sclerotitw of onions, which looks like grains of coarse gun- 
powder, a species of Mucor. This was accomplished by placing 
a thin slice of the Solerotium in a drop of water under a glass 
slide, surrounded by a pellicle of air, and luted to prevent 
evaporation and external influences-J 

As to the cultivation of moulds and Mucors, one great diffi- 
cultry has to be encountered in the presence or introduction of 
foreign spores to the matrix employed for their development. 
Bearing this in naind, extensive cultivations may bo made, but 
the conditions must influence the decision upon the results* 
B/ic paste has been used with advantage for sowing the spores 
of moulds, afterwards keeping them covered from external in- 
fluences. In cultivation on rice paste of rate species, the 
experimenter is often perplexed by the more rapid growth of 
the common species of Mwor and PenMliwm. Mr. Berkeley 
succeeded in developing up to a certain point the fungus of "the 
Madura Foot, but though perfect sporangia were produced, the 
farther development was masked by the outgrowth of other 
epeoios. In like manner, orange juice, cut surfaces of fruits, 

* 0tirr$y, in "Idnn. Trans." xaav. pi. 2, figs. 17, 26. 

t fttoribley, "On Two Tufoerlfomx Ve& Productions from Travancore," in 
"'taw. Litm. See," vol. xxiil. p. 91. 

$ Bfii&elsy, "Qaa Peculiar Form of Milder in Onions," "Journ, Hort, Soc." 
rol. fit p, 01, 
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slices of potato tubers, etc., have been employed. Fresh horse- 
dung, placed under a bell glass and kept in a humid atmosphere, 
will soon be covered with Mucor, and in like manner the growth 
of common moulds upon decayed fruit may be watched ; but this 
can hardly be termed cultivation unless the spores of some indi- 
vidual species are sown. Different solutions have boon proposed 
for the growth of such conditions as the colls which induce fer- 
mentation, to which yeast plants belong. A fly attacked by 
Empusa mufsc<8, if immersed in water, will develop one of the 



The Uredines and other epiphyllous Goniomycetes will readily 
germinate by placing the leaf which boars them on damp sand, 
or keeping them in a humid atmosphere. Messrs. Tulasno and 
Do Bary have, in their numerous memoirs, detailed the mothods 
adopted by them for different species, both for germination of 
the psoudospores and for impregnating healthy foster plants. 
The germination of the psoudoflpores of the species of 3?odi- 
$oma may easily bo induced, and secondary fruits obtained* The 
germination, of the spores of Till&lia k more difficult to accom- 
plish, but this may be achieved. Mr, Borkoloy found no difficulty, 
and had tho stem impregnated m woll as the gormeu, On the 
other h'and, tho psoadospores of Ct/sfopu#, when sown in water 
on a slip of glass, will floon produce tho curious littlo zoosporos 
In tho manner already described. 

Tho sporidia of the DmomyceM^ and somo of tho SpJ^n&c&i^ 
germinate readily in a drop of water on a Blip of glaas, although 
not proceeding farther than tho protrusion of gorm-tutxj#, A 
form of elide has been devised for growing purposes, in which 
the large covering glass is hold in position, and ono end of tho 
slip being kept immersed in a VOHSO! of water, capillary attrac- 
tion keeps tip tho supply for an indefinite period* so that thoro is 
no foo/r of a check from tho evaporation of tho fluid. B?cm when 
saccharine notations arc employed thin method may bo adopted. 

The special cultivation of tho PGronoxpovei occupied tho 
tion of Professor Do Bary for a long time, ad lil 
are detailed iu his xuomoir on titat group,* but which <TO too 
y, "Ana. to Sol Nak" 4& a*rio, wL xx* 
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long for quotation here, except his observations on the develop- 
ment of the threads of Peronospora infestans on the cut surface 
of the tubers of diseased potatoes. When a diseased potato is 
cut and sheltered from dessication, the surface of the slice covers 
itself with the mycelium and conidiiferons branches of Perono- 
tpora, and it can easily be proved that these organs originate 
from the intercellulary tubes of the brown tissue. . The mycelium 
that is developed upon these slices is ordinarily very vigorous ; 
it often constitutes a cottony mass of a thickness of many milli- 
metres, and it gives out conidiiferous branches, often partitioned, 
and larger and more branched than those observed on the leaves 
The appearance of these fertile branches ordinarily takes place 
at the end of from twenty-four to forty-eight hours ; sometimes, 
nevertheless, one must wait for many days* These phenomena 
are observed in all the diseased tubercles without exception, so 
long as thoy have not succumbed to putrefaction, which arrests 
the development of the parasite and kills it. 

Young plants of tho species liable to attack may be inoculated 
with the conidia of tho species of Peronospora usually developed 
on that particular host, in the same manner that young cruci- 
ferous plants, watered with an infusion of the spores of Cystopi&s 
candidus, will soon exhibit evidence of attack from the white 
rust, 

It is to tho cultivation and close investigation of the growth 
and metamorphoses of the minute fungi that we must look for 
tlio most important additions which havo yet to be made to our 
knowledge of tho life- history of these most complex and interest- 
ing organisms. 
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(JBOOBAPHTCAL DISTRIBUTION, 

UNFORTUNATELY no comploto or satisfactory account can bo giver 
of the geographical distribution of fun#i. The younger Fries,* 
with all the facilities at his disponal which the lengthened 
experience and large collections of his father afforded, could only 
give a very Imperfect outline, and now wo can add very litfck 
to what he has given. The cause of this difficulty lies t& the 
fact that the Mycologic Flora of so largo a portion of t!io world 
remains unexplored, not only in remote regions, but oven in 
civilized countries whore the Phanerogamic Flora is well known, 
Europe, England, Scotland, and Wales are &B well explored as 
any other country, but Ireland is comparatively tmknown, no 
comploto collection having over boon made, or any at leant 
published. Scandinavia has also been well exummod, and the 
northern portions of Franco, with Belgium, nomo party of Ger- 
many and Austria, in Euasia the neighbourhood of St* Peters- 
burg, aad parts of Italy and Switzerland. Turkey in Europe, 
nearly all Jiussia, Spain, and Portugal aro almost unknown. As 
ta North America, considerable advance** have boon mado uinoc 
Schwoinite by Mos*m Curtis and Jfcavenel, but their collections 
in Carolina cannot bo supposed to represent tho whole of tho 
tl&itocl States ; t&o small collections mado in Toca$, Me&teoj 
tc,, only servo to show tho richn&Bs of tho coimtryv not yot lialf 
exhctustod* It is to t>o hoped that tho young raoo of 
in tta tTaaited States will apply themsdvow to th tok 
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gating the Mycologic Flora of this rich and fertile region. In 
Central America very small and incomplete collections have as 
yet been made, and the same may be said of South America and 
Canada. Of the whole extent of the ]STew World, only the 
Carolina States of North America can really be said to be satis- 
factorily known. Asia is still less known, the whole of our vast 
Indian Empire being represented by the collections made by 
Dr. Hooker in the Sikkim Himalayas, and a few isolated speci- 
mens from other parts. Ceylon has recently been removed from 
the category of the unknown by the publication of its Mycologic 
Mora.* All that is known of Java is supplied by the researches 
of Junghuhn; whilst all the rest is completely unknown, includ- 
ing China, Japan, Siam, the Malayan Peninsula, Burmah, and 
the whole of the countries in the north and west of India. A 
little is known of the Philippines, and the Indian Archipelago, 
but this knowledge is too fragmentary to be of much service. 
In Africa no part has been properly explored, with the exception 
of Algeria, although something is known of the Cape of Good 
Hope and Natal. The Australasian Islands are better repre- 
sented in the Floras published of those regions. Cuba and the 
West Indies generally are moderately well known from th& 
collections of Mr, 0. Wright, which have been recorded in the 
journal of the Idnnt&an Society, and in the same joupial Mr. 
Berkeley has described many Australian species, 

It will be seen from the above summary how tuosatisfactory 
it must bo to give anything like a general view of the geographi- 
cal distribution of fongi, or to estimate at all approximately 
the number of species on the globe. Any attempt, therefore,, 
must be made and accepted subject to the limitations we have 
expressed. 

The conditions which determine the distribution of fungi are 
not precisely those which determine the distribution, of the 
Mgfa&r plants* In the case of the par^aitic species they may be 
s&id to follow the distribution of their foster-plants, as in the 
of the rust, smut, and mildew of the cultivated cereals, 



* Berkley and Brooke, ''^numeration of the Fungi of Ceylon," in, 'Mourn. 
fclnn. Soa,* jtfr; $<& 7&, 74, 1878. 
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which hare followed those grains wherever they liavo been 
distributed, and the potato disease, which is said to have been 
known in the native region of the potato plant before it made 
its appearance in Europe- We might also allude to Puccinia 
malvaoearum, Ca., which was first made known as a South 
American species ; it then travelled to Australia, and at length 
to Europe, reaching England the next year after it was recorded 
on the Continent. In the same manner, so far as we have the 
moans of knowing, Puccinia A$ii, Ca., was known on the Con- 
tinent of Europe for some time before it was detected on the 
celery plants in this country. Experience seems to warrant the 
conclusion that if a parasite affects a certain plant within 
a definite area, it will extend iu timb beyond that area to 
other countries where the foster-plant is found. This view 
accounts in some part for the discovery of Hpocies in this country, 
year after year, which had not boon recorded before; some 
allowance being mado for the fact that an Increased number of 
observers and collectors may cause the search to bo more com- 
plete, yet it must be conceded that the migration of Continental 
species must to some extent be going on, or how can it be 
accounted for that such largo and attractive fungi as SjMtrawi* 
crispa, llelvellas gigew, and Morchella crassipw had never boon 
recorded till recently, or amongst parasitic Bpocios suclx as tlio 
two species of Puccinia above named ? In the same manner it 
10 undoubtedly truo that species which at ouo time wore common 
gradually become somewhat rare, and at length nearly oxtmci 
Wo have observed this to apply to thb larger species a# wall as 
to tho microscopic in doHnito localities* For instance, Cmtw* 
Mm cornucopioidGs some ton years ago appeared in one wood, 
at a certain spot, by hundreds, whereas (luring tho past throe or 
four years wo have failed to find a single specimen. As many 
years since, and in two places, where the $oafcVbeard was abao* 
dant, as it is now, wo found nearly half the flowering head* 
oxifowtcd with Uvtilayo reocpfaculorumi but for the pa$t two or 
iitoee yc&rs, although wo have sought it mdtistrioofily, iiot a 
singly specimen could bo found* It is certain that plants found 
by DickstoB, Bolton, and Sowerby, have not been detected since. 
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whilst it is not improbable that species common with us may be 
very rare fifty years hence. In this manner it would really 
appear that fungi are much more liable than flowering plants to 
shift their localities, or increase and diminish in number. 

The fleshy fungi, Agaricini and Boleti especially, are largely 
dependent upon the character of woods and forests. When the 
undergrowth of a wood is cleared away, as it often is every few 
years, it is easy to observe a considerable difference in the fungi. 
Species seem to change places, common ones amongst a dense 
undergrowth are rare or disappear with the copse wood, and 
others not observed before take their place. Some species, too, 
are peculiar to certain woods, such, as beech woods and fir woods, 
and their distribution " will consequently depend very much 
on the presence or absence of such woods. Epiphytal species, 
such as Agarics ulmarius^ Agcvrious mucidits, and a host of 
others, depend on circumstances which do not influence the 
distribution of flowering plants. It may be assumed that 
such species as flourish in pastures and open places are subject 
to fewer adverse conditions than those which affect woods and 
forests. 

Any one viho has observed any locality with reference to its 
Mycologic Mora over a period of years will have been struck 
with the difference in number and variety caused by what may 
be termed a " favourable season," that is, plenty of moisture in 
August with warm weather afterwards. Although we know but 
little of the conditions of germination in Agarics, it is but 
reasonable to suppose iihat a succession of dry seasons will con- 
siderably influence the flora of any locality. Heat and humidify, 
therefore, are intimately concerned in the mycologic vegetation 
of a country. Fries has noted in bis essay the features to which 
we have alluded, " The fact," he says, " must not be lost sight 
of that some species of fungi -which have formerly been, common 
in certain localities may become, within our lifetime, more and 
inoro scarce, and even altogether cease to grow there. The 
cause of this, doubtless, is the occurrence of some change in the 
physical constitution of a locality, stich as that resulting from 
the destruction of a forest, or fi'om the drainage, by ditches and 
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cuttings, of more or less extensive swamps, or from the cul- 
tivation of the soil all of them circumstances which, cause the 
Destruction of the primitive fungaceous vegetation and the pro- 
duction of a new one. If we compare the fungal flora of America 
with that of European countries, we ohserve that the former 
equals, in its richness and the variety of its forms, that of the 
phanerogamous flora; it is probable, however, that, in the 
lapse of more or fewer years, this richness will decrease, in 
consequence of the extension of cultivation as is illustrated, 
indeed, in what has already taken place in the more thickly 
peopled districts, as, for example, in the vicinity of New 
York." 

Although heat and humidity influence all kinds of vegetation, 
yet heat seems to exert a less, and humidity a greater, influence 
on fungi than on other plants. It is chiefly during the cool 
moist autumnal weather that the fleshy fungi flourish most 
vigorously in our own country, and we observe their number to 
increase with the humidity of the season. Bain falls copiously 
in the United States, and this is one of the most fruitful coun- 
tries known for the fleshy fungi. Hence it is a reasonable 
deduction that moisture is a condition favourable to the dovoloj)- 
ment of these plants. The My&ogastrcs, according to Dr. Henry 
Garter, are exceedingly abundant in individuals, at least, if not 
in species in Bombay, and this would load to the conclusion 
that the members of this group arc influenced as much by heat 
as humidity in their development, bovno out by the moro plen- 
tiful appearance of the species in this country in the warmer 
weather of summer. 

In the essay to which we have alluded, Fries only attempts 
the recognition of two zones in Ms estimate of the distribution 
of fungi, and these are the temperate and tropical. The frigid 
#one produces no peculiar types, and is poor in the number of 
species, whilst no essential distinction can bo drawn between the 
tropical and sub-tropical with our present limited information. 
Bv0^ the,se two zones must not be accepted too rigidly, sinco 
trbpical ferms will in some instances, and 

$rf?$id to upwards ii^io i/lfoe temp#rat0 ssona 
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"In any region whatever, " writes !Fries, "It is necessary, in 
the first instance, to draw a distinction between its open naked 
plains and its wooded tracts. In the level open country there is 
a more rapid evaporation of tho moisture by the conjoined action 
of tho sun and wind ; whence it happens that snch a region is 
more bare of fungi than one that is mountainous or covered by 
woods. On the other hand, plains possess several species pecu- 
liar to themselves ; as, for example, Agaricws pe&iades, certain 
Tricftolomata, and, above all, the family Ooprini, of which they 
may bo regarded as the special habitat. The species of this 
family augment in number, in any given country, in proportion 
to tho extent and degree of its cultivation ; for instance, they 
grow more luxuriantly in the province of Scania, in Sweden 
a district further distinguished above all others by its cultivation 
and fertility, In well-wooded countries moisture is retained a 
much longer time, and, as a result, the production of fungi is 
incomparably greater ; and it is here desirable to make a distinc- 
tion between the fungi growing in forests of resinous- wooded 
trees (Conifers) and those which inhabit woods of other trees, 
for theno two description H of forests may be rightly regarded, as 
to their fungacoous growths, as two different regions. Beneath 
the shad& of Oonifor &, fongi are earlier in their appearance ; so 
much, so, that it often happens they bavo attained their fuU de- 
velopment when their congeners fa. forests of non-resinous trees 
have scarcely commenced their growth. In woods of tha latter 
sort, tho fallen leaves, collected ia thick layers, dot aa an obstacle 
to the soaking of moisture into tho earth, a&d thereby retard 
the vegetation of fungi ; on the other hand, stich woods retain 
JDaoistare longer* Those conditions afford to soveral large and 
remarkable species tho necessary time for development, Tho 
feoooh is characteristic of our own region, but forther north this 
tree gives place to the bircb, Oa&iforous woods are moreover, 
ffivisiblo into two regions that of th0 pinos and that of the firs* 
The latfw is richer in sp&cies than, the former,, because, as is 
faiowu, fir-trooB flourish in more fertile* and moister soils* 
with rospoct to iihe Sotrfh of Buropo, other sub- 
into regions are required, we know not ; still less are 
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we able to decide on the like question in reference to tho coun- 
tries beyond Europe," * 

In very cold countries the higher fungi are rare, whilst in 
tropical countries they are most common at elevations which 
secure a temperate climate. In Java, Junghuhn found them 
most prolific at an elevation of 3,000 to 5,000 feet; and in 
India, Dr. Hooker remarked that they were most abundant at 
an elevation of 7,000 to 8,000 feet above the sea level, 

For the higher fungi we must be indebted to the summai ; 
made by Pries, to which we have little to add. 

The genus Carious occupies the first place, and surpasses, in 
the number of species, all the other generic groups known. It 
appears, from our present knowledge, that tho Agarici have their 
geographic centre in tho temperate zone, and especially in tho 
colder portion of that zone. It is a curious circumstance that 
all the extra-European species of this genus Agaricw may be 
referred to various European subgenera. 

In tropical countries it appears that the Agarici occupy only a 
secondary position in relation to other genera of fungi, such as 
PolyporW) en#ite$ 9 etc, North America, on the other hand, is 
richer in species of Agaricits than Europe; for whilst tho ma- 
jority of typical forms are common to both continents, America 
further possesses many species peculiar to itself. In tho torn- 
perate zone, so close is the analogy prevailing between the 
various countries in respect to tho Agaricini 9 that from Sweden 
to Italy, and as well in England as North America, tho name 
species are to be found. Of 500 Agarldnl mot with in Sfc. 
Petersburg, there are only two or three which have not boon 
discovered in Sweden; and again, of fifty species known in 
Greenland, there is not one that is not common in Sweden, Tbo 
same remarks hold good in reference to tho Agaridm of Siberia, 
Katatschatka, the Ukraine, etc, The countries bordering upon 
the Mediterranean possess, however, several peculiar typos ; and 
Eastern and Western Europe present certain dissimilar itio# in 
fteir Agaric inhabitants. Several species, for example, 

* Jfaies, *' On the Geographical DlHtribntion of Fungi/' in' " Ann, ami 
Td Hist," aefc ill. rol fat. p, 270. 
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laria and Trlclioloma^ which hare been found in Russia, have 
been met with in Sweden only in Upland, that is, in the most 
eaHtorn province ; all the species which belong to the so-called 
aHcgno-rupeMres and pineto-montaJKS regions of Sweden are 
wanting in England j and it is only in Scotland that the species 
of northern mountainous and pine-bearing regions are met with 
a circumstance explicable from the similarity in physical features 
between Sweden and the northern portions of Great Britain. 

The species of Coprimes appear to find suitable habitats in 
every quarter of the globe. 

Tho QortinarieB predominate in the north; they abound in 
Northern latitudes, especially on wooded hills ; but the plains offer 
nlao some peculiar species which flourish during the rainy days 
of August and September. In less cold countries they are more 
scarce or entirely absent. Tho species of the genus Hygropliorw 
would at tot seem to have a similar geographical distribution 
to those of the last group ; but this is really not the case, for 
the flamo Jfygroplion arc to be found in nearly every country of 
Europe, and oven the hottest countries (and those under the 
equator) arc not dowtituto of representatives of this wide-spread 



Tho LaQtarii, which are BO abundant in the forests of Europe 
mid North America, appear to grow more and moro scarce 
toward** both the south &ad north. Tho same may bo stated 
in rtt#ft?<l to Suwttta* 

Tho genuB J&arasmius IB dispersed throughout the globe, and 
ov wry where presents numerous species. In intotropical coui> 
f mm they are still more abundant, and exhibit peculiarities in 
growth which probably might justify their collection into a 
distinct group. 

Tht> gcmorai Lflntinu* and L$ft%ite$ are found in every region 
of the world; their principal centre, however, is in hot countries, 
whttj they attain a spltmdid development. On the contrary, 
tow&r<!*f tho north they rapidly dooreono in xuiml>er. 

The Polypon oonstitttto a group which, unlike that of the 
pt>eially belongs to hot countries. The IBoUti con- 
tho only exception to this rule, since they select the 

T 
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temperate and frigid zones for their special abode, and some of 
them at times find their way to the higher regions of the Alps. 
No one can describe the luxuriance of the torrid zone in Poly- 
pori and Trametes, genera of Rymenomycetes, which flourish 
beneath the shade of the virgin forests, where perpetual moisture 
and heat promote their vegetation and give rise to an infinite 
variety of forms. But though the genus Polyporm, which rivals 
Agancws in the number of its species, inhabits, in preference, 
warm climates at large, it nevertheless exhibits species peculiar 
to each country. This arises from the circumstance that the 
Polygon, for the most part, live upon trees, and are dependent 
on this or that particular tree for a suitable habitat ; and tho 
tropical flora being prolific in trees of all kinds, a multitude of 
the most varied forms of these fungi is a necessary consequence* 
Hexagona, Favolus, and Laschia are common in inter-tropical 
countries, but they are either entirely absent or extremely rare 
in temperate climes. 

When the majority of the species of a genus are of & fleshy 
consistence, it may generally be concluded that that gcnun 
belongs to a Northern region, even if it should have some repre- 
sentatives in, lands which enjoy more sunshine. Thus tho Hydna 
are the principal ornaments of Northern forests, where they attain 
so luxuriant a growth and beauty that every other country must 
yield the palm to Sweden in respect to them. In an allied genus, 
that of Irpea, the texture assumes a coriaceous consistence, and 
we find its species to be more especially inhabitants of warm 
climates. 

Host of the genera of AuricuUrini are cosmopolitan, and tho 
same is true of some species of Stereum, of Cortioium^ to*, wlueh 
are met with in countries of the most different geographical 
position. In tropical countries, theso genera of fungi assume tlio 
most curious and luxuriant forms. The single and not consider- 
able genus Oyphella appears to be pretty uniformly distributed 
pver the globe. The Clavwiai are equally universal in thdr 
diffusion, although more plentiful in tho north j however, the 
gwitis ftontfa possesses several exotic form**, though in Europe 
it lifcfl but two representative species. (Etyfct beauMM gonus 0f 
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Sparassis, occupies a similar place next the 
Clavari<%i t and is peculiarly a production of the temperate zone 
and of the coniferous region. 

The fungi which constitute the family of Tremellini prevail in 
Europe, Asia, and Korth America, and exhibit no marked differ- 
ences amongst themselves, notwithstanding the distances of the 
several countries apart. It must, however, bo stated that the 
Ilirneolffi for the most part inhabit the tropics. 

We come now to the Q-asteromycetcs an interesting family, 
which exhibits several ramifications or particular series of de- 
velopments. The most perfect O aster (my cctcs almost exclusively 
belong to the warmer division of the temperate, and to the 
tropical zono, where their vegetation is the most luxuriant. Of 
late the catalogue of those fungi has been greatly enriched by 
the addition of numerous genera and species, proper to hot coun- 
tries, previously unknown. Hot uncommonly, the exotic floras 
differ from ourw, not merely in respect of the species, but also of 
the goitera of QaztvromyceJcs, It must, besides, be observed 
that this family is rich in well-defined gonora, though very poor 
in distinct specific forms. Among the genera found in Europe, 
many aro oosmopolitan- 

Ito $httoid&i present themselves in tho torrid zone under 
the most varied form and colouring, and comprise many genera 
rich in ftpociofl* Izi Earopo thoir number is very restricted. As 
wo advance northward thqy decrease rapidly, so that the central 
diHtrict-s of Sweden posses** only a single species, tho ghallm 
imjtudunts, and ovon this solitary representative of the family is 
very scarce. In Scania, the most southern province of Sweden, 
thro in likewise but one genus and one spocio belonging to it, 
viss,, tho Mutinm caninw* Among other mombors of the Phal~ 
loid&l, may be further mentioned tho I*y#wm of China, thft 
Aiwrti& of Van Diomcn's Land, and the QUtJwu9) ono specion at 
which, 0, eatmllatw, hot a v0ry wide #oographical range ; for 
instance, it m found in the south of Europe, in Germany, and in 
; it occur** aliBO ia tho south of England and the Me of 
j whortjas tho other spooi0s of this genus have a very 
limited distribution. 
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The Tuleracei* are remarkable amongst the fungi in being 
all of them more or less hypogeous. They are natives of warm 
countries, and are distributed into numerous genera and species. 
The Tuleracei constitute in Northern latitudes a group of fungi 
very poor in specific forms. The few species of the Jlymcno- 
gastres belonging to Sweden, with the exception of JXypcrrliiza 
variegata and one example of the genus Octaviana, are confined 
to the southern provinces. The greater part of this group, like 
the Lycoperdacei) arc met with in the temperate zone. Most 
examples of the genus Lycoperdon are cosmopolitan. 

The Nidulariacei and tho Trichodermacei appear to bo scat- 
tered oTor the globe in a uniform manner, although their species 
are not everywhere similar. Tho same statement applies to the 
Myocogastres, which are common in Lapland, and appear to have 
their central point of distribution in tho countries within the 
temperate zone. At tho same time, they aro not wanting in 
tropical regions, notwithstanding that the intensity of heat, by 
drying up the mucilage which servos as the medium for tho 
development of their spores, is opposed to their development, t 

Of the Ooniomyoetet, the parasitic species, as the Qaomacei) tho 
JPuccinieiy and the TJstilagines, accompany their foster-plants into 
almost all regions where they aro found ; so that smut, rust, ami 
mildew aro as common on wheat and barley in the Himalaya** 
and in New Zealand as in Europe and America, Hav&nelia and 
Qronarlnm only occur in tho warmer parts of tho tomporuto 
zone, whilst Sartvellia is confined to Surinam. Species of 
Fodisoma and Hmtelia aro as common in tho United States fts 
in Europe, and the latter appears also at the Capo ancl Coy Ion, 
Wherever species of Sph&ria occur thoro tho Sphmronem&i aro 
found, but they do not appear, according to our present know- 
ledge, to bo so plentiful in tropical as in temperate countries 
The Torulaoei and its allies aro widely diffused, and probably 
occur to a considerable extent in tropical countries. 

JXypJwmycetes are widely diffused; some species aro peculiarly 

* The Hyyogmi are evidently Intended fore fey Friea, 
f Ftles, "On the O-dOjjr&phW Distribution of Fungi," in "Ann, &nd M#. 
m* 8, rol ix. p. 285* 
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cosmopolitan, and all seem to be less influenced by climatic 
conditions than the more fleshy fungi. The Bepedoniei are 
represented by at least one species wherever Boletus is fonnd. 
The Mucedines occur everywhere in temperate and tropical 
regions, Penicilliwm and A&pergillw flourishing as much in the 
latter as in the former. Hotrytis and Peronospora are almost as 
widely diffused and as destructive in warmer as in temperate 
countries, and although from difficulty in preservation the moulds 
are seldom represented to any extent in collections, yet indica- 
tions of their presence constantly occur in connection with other 
forms, to such an extent as to warrant the conclusion that they 
are far from uncommon.^ The Dematiei are probably equally as 
widely diffused. Species of S&lmintJiosporium^ Cladosporium, 
and Macrosporiwi seem to be as common in tropical as temper- 
ate climes. The distribution of these fungi is imperfectly known, 
except in Europe and North America, but their occurrence in 
Ceylon, Cuba, India, and Australasia indicated a cosmopolitan 
range. Cladosporium herlarum would seem to occur everywhere. 
The Stittacei and Isariacei are not loss widely diffused, although 
as yot apparently limited in species. Isaria occurs on insects 
in Brazil as in North America, and species of Stilbim and Isaria* 
are by no moans rare in Ceylon* 

Tho FJiysomycfftes have representatives in the tropics, species 
of Mueor occurring in Cuba, Brazil, and the southern states of 
North America, with the same and allied genera in Ceylon, 
Antennaria and Pisomysca soom to reach, their highest develop- 
ment in, hot countries. 

Tho Ascomycetes are represented everywhere, and although 
certain groups are more tropical than others, they are represented 
in all collections. Tho fleshy forms are most prolific in temper- 
ate countries, and only a few species of Pezisw affect the tropics, 
yot in elevated districts of hot countries, such as the Himalayas 
of India, Peziza^ Morchella, and G-eoglosBwn are found. Two or 
three species of Morohtilla are found in, Kashmir, and at least 
one or two in Java, where they are used as food. The genus 
Cyttctria is confined to the southern parts of South America 
and Tasmania/. Tho United States equal if they do not exceed 
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European states in the number of species of tlie Discomycetes* 
The PJiacidiacei are not confined to temperate regions, but are 
more rare elsewhere. Cordierites and Acroscyplius (?) are tro- 
pical genera, the former extending upwards far into the tem- 
perate zone, as Hysteriim and MJiytisma descend into the tropics. 
Amongst the Sph&riacei, Xylwria> and Hypoxylon are well repre- 
sented in the tropics, such species as Xylaria liypoxylon and 
Xylaria corniformis being widely diffused. In West Africa an 
American species of Jtypoxylon is amongst the very few speci- 
mens that have ever reached us from the Congo, whilst 
H. concentricum and Vstulina vulgar is seem to be almost cosmo- 
politan. Torrulia and Nectrla, extend into the tropics, but are 
more plentiful in temperate and sub- tropical countries. Dotlddea 
is well represented in the tropics, whilst of the species of 
$ph<&ria proper, only the more prominent have probably been 
secured by collectors ; hence the Superfioiales section is better 
represented than the Qltecttz, and the tropical represontatiYOS 
of foHicolous species lire but few* A^terma^ Microp&Uw, and 
are more sab-tropical than temperate forms. The 
are represented almost everywhere; although 
species of 3$ry$ipke are confined to temperate regions, the gen as 
Maliol&> occupies its place in warmer climes. Pinally, the 
Tub&rttGGi, which are subterranean in their habits, are limited 
in distribution, being cum lined to tho temperate zono, never 
extending far Into tho cold, and but poorly represented out of 
Europe. One species of Mytitta occurs in Australia* another 
in China, and another in the Neilghorrios of India ; tho gonus 
J?awrocotyli$ is found in New Zealand and Ceylon. It is said 
that a species of Tuber is found in Himalayan regions, but m 
tte United States, as well as in ISTorthern Kuropo, the T&bwa$tii 
ate rare. 

The imperfect condition of our information concerning vory 
many countries, even of those partially explored, nmt rtmdor 
'estimate or comparison of the floras of those countries ttwt 
and imp0rfqct, Beoontly, the mycology of our own 
been more closely iayostigatod, and the rcamlt of 
on fcho p#rt of a few mdMctaalu ha** 
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appeared in a record of some 2,809 species,* to which subsequent 
additions have been made, to an extent of probably not much, 
less than 200 species,t which would bring the total to about 
3,000 species. The result is that no material difference exists 
between our flora and that of Northern Prance, Belgium, and 
Scandinavia, except that in the latter there are a larger number 
of Hymenomycetal forms. The latest estimates of the flora of 
Scandinavia are contained in the works of the illustrious Pries, J 
but these are not sufficiently recent, except so far as regards 
the Rymenomyvetes, for comparison of numbers with British 
species, 

The flora of Belgium has its most recent exponent in the post- 
humous work of Jean Kicks:; but the 1,370 species enumerated 
by him can hardly be supposed to represent the whole of the 
fungi of Belgium, for in such case it would be less than half the 
number found in the British Islands, although the majority of 
genera and species are the same. 

For the North of Prance no one could have furnished a 
more complete list, especially of the microscopic forms, than 
M* Desmazieres, but wo are left to rely solely upon his papers in 
".Ajmales des So. Nat." and his published specimens, which, 
though by Ho means representative of the fleshy fungi, are doubt- 
less tolerably exhaustiTe of the minute species, Prom what wo 
know of JBVonch B^monomyoef^s t their number and variety 
appoar to be much below those of Great Britain. || 

Tho mycologic flora of Switzerland has been very well iovesti- 

* Oooke'i " Handbook of British Fungi," 2 rols. 1871. 

f " Greriilea," vote, i and Si London, 1872-1874. 

j Fries, "Summa Yegetabilium Scandinavia" (1846), and "Monograph** 
Hymottomycettiin Sued*'* (1838) ; "Eplorisifc Hymenornyoetam Europ/' (1874). 

" Flore oryptogamlqne des Banders" (1867). 

|| ** Ain6 Bantes Oryptogamee-celltilairos dix Department de Saone efc Loire** 
(1803) j BuUiard, "Hisi dos Champignons de la France " (1791) ; De Oandolle, 
"WowFwa^uia 11 (mff);Dttty, " Botanloon (Mioum " (1828-1830); Paulet, 
" Iconoi^rapnie clos Oliumplgnons" (1855) J Gtodron, "Catalogue des Hantes 
Ctillulattes du 3)6pa,rtnaettt d la, M^nttlie^ (184^5) ; Crouan, "Florule da 
$toifc#rtt' r (1867) ; De Seynos, " B$ai d f aae Flore Kycologl^u do la E^gion de 
toaster Mteftud' v (1868). 
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gated, although requiring revision. Less attention having been 
given to the minute forms, and more to the Hymenomycetes than 
in France and Belgium, may in part account for the larger pro- 
portion of the latter in the Swiss flora.* 

In Spain and Portugal scarce anything has heon done ; the 
small collection made by Welwitsch can in no way be supposed 
to represent the Peninsula. 

The fungi of Italy f include some species peculiar to the 
Peninsula. The Tuleracei are well represented, and although 
bhe JZymenomycetes do not equal in number those of Britain or 
Scandinavia, a good proportion is maintained. 

Bavaria and Austria (including Hungary and the Tyrol) are 
being more thoroughly invostigatod than hitherto, but the works 
of SchoofFor, Tratinnick, Corcla, and Krombholz have made us 
acquainted with the general features of their mycology, J to 
which more recent lists and catalogues have contributed. Tho 
publication of dried specimens has of late years greatly facili- 
tated acquaintance with the fungi of different countries in 
Europe, and those issued by Baron Thumen from Austria do not 
difbr materially from those of Northern Germany, although 
Dr. Rohm has mado us acquainted with some now and inter- 
esting forms from Bavaria. (| 

Russia is to a largo extent unknown, except in its northern 
Karston has investigated tho fungi of Finland,** and 



* Socretan, "MycograpMe Suiyao" (1833); Trog, ** Vorzeiclmiws Hchwotee- 
rischer Bchwllmmo " (1844). 

f PasBOrim, "Funghi ramonm," in "Gtiorn. Bot, Italiano" (1872-73); 
Venturi, "Micoti deli' Agro Bresciano " (1 845) j Vrmm, "FtmgM d'ltalia" 
(1884); Vittudim, "Funghi Mangerecoi d'ltalb** (1835), 

t Schasffor, a Fungorum qui in Bavaria," &c, (1782-1774) j Trauwmok, 
"Fungi Auwtiiaoi'* (1804-1800 and 1800-30); Oortla, "Iconcu Fuiigorum " 
(Prague, 1837-1842); Krombholz, " AWMlongen dor fihn*mm" 181 -1B40). 

Eelch&rdt, "FJora von Tglau;" Niosfil, "Oryptogameuflora 
relcliu" (1857, 1850) ; Solmlzor, "^chwilmmo Ungarna, Slavoalen/' &o. 

H Kohm, ** ABComycokn,*' OMO. i.-lv. 

11 Weiwmaw, * Hjnaeno-ot Gafttoromyootos,'* ia "Imp. Eo" (1830); 
mama, ^Bmamemtio Stibium, in Agro ?efcropolitano rl (18)7), 

(1872); Karsfcm, 
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added considerably to tlie number of Discomycetes, for which 
the climate seems to be favourable ; but, as a whole, it may be 
concluded that Western and [Northern Europe are much better 
explored than the Eastern and South-Eastern, to which we might 
add the South, if Italy be exceptecL 

We have only to add, for Europe, that different portions of 
the German empire have been well worked, from the period of 
Wallroth to the present.* Recently, the valley of the Rhine has 
been exhaustively examined by Fuckel ;t but both Germany and 
France suffered checks during the late war which made their 
mark on the records of science not so speedily to be effaced. 
Denmark, with its splendid Flora Danica still in progress, more 
than a century after its commencement, J has a mycologic flora 
very like to that of Scandinavia, which is as well known. 

If we pass from Europe to North America, we find there a 
mycologic flora greatly resembling that of Europe, and although 
Canada and the extreme North is little known, some parts of 
tho United States have been investigated. Scnweinitz first 
made known to any extent the riches of this country, especially 
Carolina, and in this state tho late Dr. Curtis and H. W. Bavenel 
continued their labours. With tho exception of Lea's collections 
In Cincinnati, Wright's in Texas, and some contributions from 
Ohio, Alabama, Massachusetts, and Now Tork, a great portion 
of this vast country is mycologically unknown. It is remarkably 
rich in fleshy fungi, not only in Agandnl y but also in Ducomy* 
containing a largo number of European forms, mostly 

Pozlzarum fenmcarum" (1869 )j Karsten, "Symbol ad Myeologiaa 



* Ral>0Bhort, ^BeutsohlandsKryptogamon Flora'* (1844) j Wallroth, "Flora 
Oermanica" (1833) ; fiturm, " Deutschlands Flora, iil diePilze" (1837, &c.), 

f Fuokel, " SymM^ mycologies* " (1869), 

% "Flora Dmuca" (1766-1873); Holmskjold, "Boata mris otia Ftingig 
Daniel* Irnjxmsa*' (1799); Schumacher, " Emimratio plantamxn 



"Synopsis Fangorum," in "America Boreali/' &o. (1884). 
Io% "Catalogue of Pltte of Cincinnati" (1849); Curtis, " Catalogue of the 
Bants of North Carolina" (1867); Berkeley, "North American Fungi," to 
' rote, l*ili.; Peck, in "Reports of New York Museum Nat. Hist" 



282 FOTGI. 

European genera, with many species at present peculiar to Itself. 
Tropical forms extend upwards into the Southern States. 

The islands of the "West Indies have been more or less ex- 
amined, but none so thoroughly as Cuba, at first by Ramon de la 
Sagra, and afterwards by Wright.* The three principal genera 
of Hymenomycetes represented arc Agarieus, Marasmius, and 
Polyporus, represented severally by 82, 51, and 120 species, 
amounting to more than half the entire number. Of the 490 
species, about 5? per cent, are peculiar to the island ; 13 per 
cent, are widely dispersed species; 12 per cent, are common to 
the island and Central America, together with the warmer parts 
of South America and Mexico ; 3 por cent, are common to it 
with the United States, especially tlio Southern ; while 18 per 
cent, arc European species, including, however, 13 which may 
be considered as cosmopolitan. Some common tropical species 
do not occur, and, on the whole, the general character sooms 
sub-tropical rather than tropical. Many of the species are 
decidedly those of temperate regions, or at least nearly allied. 
Perhaps the most interesting species are those which occur in 
the genera Orat&rellus and Loach i a, the latter genus, especially, 
yielding several new forms. The fact that tho climate is, on the 
whole, more temperate than that of some other islands in tho 
same latitudes, would load us to expect the proBcrico of a com- 
paratively largo number of European species, or tltono which 
are found in tho more northern United Staton, or British North 
America, and may account for tho fact that BO small a propor- 
tion of species should bo identical with, those from neighbouring 
islands. 

In Contra! America only a few nraail collection** have buen 
made, which indicate a sub- tropical region. 

From the northern parts of South America, M* Lopriour 
collected In French Goiana,f Southwarda of this, Spruce eol<* 
looted in the countries bordering on the itivor Amasson, and 

* Bwketoy and Curtis, "Fungi Oakens!*/' & "Jfounu Unn* Boo." (1808); 
J&wwoa do 1ft Sftgra, " Hifti PJiye. (Its TMo 40 Cuba, Orypto*?wnes, JMM* Mtmbigoe" 



la <*Aim. es Bel Nat." 

*' Ana, Sd Nat." 4 TO * *$r III 
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Gardner in Brazil,* Gaudichaud in Chili and Peru,t Gay in 
Chili, J Blanchet in Babia, Weddell in Brazil,]] and Auguste 
de Saint Hiliare 1F in the same country. Small collections have 
also been made in the extreme south. All these collections 
contain coriaceous species of Pofyporwy Favolus, and allied 
genera, with Auricularim, together with such Ascomycetes as 
Xylana^ and such forms of Peziza as P. trielioloma, P. Jlindsii, 
and P. macrotis. As yet we cannot form an estimate of the 
extent or variety of the South American flora, which has fur- 
nished the interesting genus Cyttaria, and may yet supply forms 
unrecognized elsewhere. 

The island of Juan Fernandez famished to M. Bertero a good 
representative collection,** which is remarkable as containing 
more than one-half its number of European species, and the rest 
possessing rather the character of those of a temperate than a 
sub-tropical region. 

Australasia has been partly explored, and the results embodied 
in tho "Floras of Dr. Hooker and subsequent communications. 
In a note to an enumeration of 285 species in 1872, the writer 
observes that a many of them are either identical with European 
species, or so nearly allied that with dried specimens only, 
unaccompanied by notes or drawings, it is impossible to separate 
thorn ; others are species which, are almost universally found ^in 
tropical or sub-tropical countries, while a few only are peculiar 
to Australia, or are undoscribod species, mostly of a ^ropical type. 
Tho collections on the whole can scarcely be said to be of any 
groat interest, except so far as geographical distribution is con- 
corned, as tho aberrant forms are few," ft 

* Berkeley, in " Hooker's Journal 6f Botany" for 1843, &c. 

t Montape, in "Ann. de Sol. Nat/' *** s&. rot it p, 73 (1884). 

$ (toy, " Hist, fiBlca y polltiea de CW (1845), 

Berkeley and Montagno, " Ann. dea Set Nat," tu (April, 1849), 

K Montftgno, in "Ann, dos Sci, Hat." 4 ma s&, v # No. 6. 

f H<mtagn0, In " Ann. des SoL Nat." (My, 1830). 

** Hontegne, ** Brodromus Boree Fewnwadeawse," in "Ann, des Sci. Nat/ 



, 

ft* Berkeley* * 4 0n Australian Bnngy* in ** JWii* ISnn. Society," rot xiil. 
(May, 1872!)* 
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The fungi collected by the Antarctic Expedition in Auckland 
and Campbell's Islands, and in Fuegia and the Palklands,* were 
few and of but little interest, including such cosmopolitan 
forms as Spficeria Jiebarum and Oladosporiwn lierlarum, Hirneola 
awricula-juda<, Polyporus versicolor, Eurotium "herlariorwn, etc. 

In New Zealand a large proportion have been found, and these 
may be taken to represent the general character of the fungi 
of the islands, which is of the typo usually found in temperate 
regions.f 

The fungi of Asia are so little known that no satisfactory 
conclusions can be drawn from our present incomplete know- 
ledge. In India, the collections made by Dr. Hooker in his 
progress to the Sikkim Himalayas,} a few species obtained by 
M. Perottet in Pondicherry, and small collections from the 
Neilgherries, are almost all that have boon recorded. From, 
these it may be concluded that elevations such as approximate 
a temperate climate arc the most productive, and hero European 
and North American genera, with closely allied species, have 
the preponderance. The number of Afjarioini^ for instance, is 
large, and amongst tho twenty-eight subgonora into which tho 
genus Agaricw is divided, eight only are unrepresented. Casual 
specimens received from other parts of India afford evidence 
that hero is a vast field unexplored, tho forosta and mountain 
slopes of which would doubtless afford an immense number of 
now and interesting forms* 

Of the Indian Archipelago, Java has boon most explored, both 
by Junghuhn[| and Zollinger* 1 ! Tho former records 117 species 
in 40 genera, Neos von Esenbeck and Blume 11 species in 
3 genera, and Zollinger and Moritzi 31 species in 20 genera, 
making a total of 159 species, of which 47 belong to Folt/poru* 

* Hooker's ** Cryptogamia Antarctica/' pp ff7 and 141, 

f Hooker's "New Zealand Flora-" 

j Berkeley, " SikMm Himalayan Ewagi," in Hooker's " Journal o Botany" 
(1850), p. 42, &c. 

Montagne, "Cryptogams Neilgherrensfe," ia *' A.nn, dea Sol. Nat." 2** 4r> 
xriil p, 21 (1842). 

R Junghiihn, " Premise in Floram Crypt, Jaw/' 

II Zollinger, ** t^ng! Arohipalegi Malaijo Neorlandld novi,* ? 
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added 87 species, making a total of 246 species The 
fungi of Sumatra, Borneo, and other islands are partly the same 
and partly allied, but of a similar tropical character. 

The fungi of the island of Ceylon, collected by Gardner, 
Thwaites, and Konig, were numerous. The Agarics comprise 
302 Hpecies, closely resembling those of onr own country.* It 
in singular that every one of the subgenera of Fries is repre- 
sented, though the number of species in one or two is greatly 
predominant. Lepiota and Psalliota alone comprise one- third 
of the species, while Pholiota offers only a single obscure species. 
The enumeration recently published of the succeeding families 
contains many species of interest. 

In Africa, the best explored country is Algeria, although. 
unfortunately the flora was never completed.f The correspon- 
dence between tho fungi of Algeria and European countries is 
vory striking, and tho impression is not removed by the presence 
of a fow Hub* tropical forms. It is probable that were the fungi 
of Bpain known the ronemblanco would be more complete. 

From tho Capo of Good Hope and Natal collections have boon 
miulo by Zeyhor,J Dn'go, and others, and from these we are 
ouahlod to form a tolerable estimate of tho mycologic flora. Of 
1 tho IfymmomycGtW) tha greater part belong to Agaricw ; there 
are but four 01* five Polypori in Zeyher's collection, one of which 
in protean, Tho (latfarotnywte* are interesting, belonging to 
many genera* and presenting two, Scoleciocarpus and Pkettorinia, 
wli ioh wore founded upon specimens in this collection, Satarrea,. 
Tnfastoma) and Myoenastrum are represented by European species. 
T!iri ara alflo two apoettm of Lycojperdon, and on of Podaaon, 
Ifomdtm these, there is the curious Seootiim Gwinzii. The genus 
Qwwter dooB not appear in tho collection, nor Sclero&erma* 
Altogether tho Capo flora is a peculiar one, and can scarcely bo 
eompartul with any other, 

At tho most, only ncatterod and isolated specimens have been 

* ft*rk!y ami Brotnuo, ** Fungi o Ceylon/' im "Joura, Linn. Soc." for 



t ** Flnro a'AlgarH Oryptogum^'* (1846, Ac.). 

$ toMtog, ta ll<wkr*B "Journal of Botany," vol ii, (1843), p, 408. 



286 FUNGI, 

recorded from Senegal, from Egypt, or from other parts of 
Africa, so that, with the above exceptions, the continent may 
be regarded as unknown. 

From this imperfect summary it will be seen that no general 
scheme of geographical distribution of fungi can as yet be 
attempted, and the most we can hope to do is to compare 
collection with collection, and what we know of one country 
with what we know of another, and note differences and agree- 
ments, so as to estimate the probable character of tho fungi of 
other countries of which we are still in ignorance. It is well 
sometimes that we should attempt a task like the present, since 
we then learn how much there is to be known, and how much 
good work lies waiting to bo done by the capable and willing 
hands that may hereafter undertake it. 
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COLLECTION AND PRESERVATION. 

THE multitudinous forms -which fnngi assume, tlie differences: 
of substance, arid variability in size, render a somewhat detailed 
account of the modes adopted for their collection and preserva- 
tion necessary. The habitats of the various groups have already 
l>oen indicated, so that there need be no difficulty in selecting 
the most suitable spots, and as to the period of the year, this will 
be dofcormincd by the class of objects sought. Although it may 
bo said that no time, except when the ground is covered with 
^now, is entirely barren of fungi, yet there are periods more 
prolific than others.* Jbleahy fungi, such as the Hymenomycete^ 
aro mot common from September until the frosts Ret in, whereas 
tnutiy 7uiereH(!0]>ic species may bo found in early spring, and 
increase in number until tho autumn. 

The collector may bo provided with an ordinary collecting 
box, but for tho Agarics an open shallow basket is preferable- A 
#reat number of tho woody kinds may bo carried in the coat- 
pocket, and fbliicolonfl species placed between the leaves of a 
p(wkot>book, It IH a good plan to bo provided with a quantity 
of Noft bibulous paper, in winch specimens c&a be wrapped when 
collfictocl, and ihw will materially assist in their preservation 
whcm trauHforrcd to box or baAot* A large clasp-knife, a small 
, and apookofc-lons will complete the outfit for ordinary 
In order to preserve the fleshy fungi for tho her- 
barium, thoro in but one method, which has often boon described, 



ftio tfr'tiim (flkfimypltf, m*wmj on jtnwmriws umUsr wtow, as well as in tlaat 
M;Mw dlwti, fcb Mwlura fungus-loot G% Ca*tw> *' Myoetoma,'*) 
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The Agaric, or other similar fungus, is cut perpendicularly from 
the pileus downwards through the stem. A second cut in the 
same direction removes a thin slice, which represents a section of 
the fungus ; this may be laid on blotting paper, or plant-drying 
paper, and put under slight pressure to dry. From one-half of 
the fungus the pileus is removed, and with a sharp knife the 
gills and fleshy portion of the pileus are cut away. In the same 
manner the inner flesh of the half stem is also cleared. When 
dried, the half of the pileus is placed in its natural position on 
th top of the half stem, and thus a poi'trait of the growing 
fungus is secured, whilst the section shows tho arrangement of 
the hymenium and the character of the stem. The other half 
of the pileus may bo placed, gills downward, on a piece of black 
paper, and allowed to rest there during the night. In tho morn- 
ing tho spores will have boon thrown down upon the paper, 
which may bo placed with tho other portions. When dry, tho 
section, profile, and sporo paper may bo mounted together on a- 
piece of stiff paper, and tho namo, locality, and date inscribe A 
below, with any additional particulars. It is advisable here to 
caution the collector never to omit writing down those particulars 
at on co when tho preparations aro made, and to place thorn 
together, between tho folds of tho drying paper, in order to 
prevent tho possibility of a mistako. Some Bm&li Hpcoioft may 
bo dried whole or only cut down tho centre, but tim Hporc Khould 
never bo forgotten. When dried, either before or after mounting, 
the specimens should bo poisoned, in order to preserve thorn 
from tho attacks of insects, Tho beat medium for this purpono 
is carbolic acid, laid on with a small hog-hair brunh,. Wlialuvor 
substance is used, it must not bo forgotten by the manipulator 
that lie is dealing with poison, and munt oxercuno caution* If 
tho specimens are afterwards found to be insufficiently pomonod, 
or that minute insects are present in the herbarium, fresh 
poisoning will bo necessary. Some think that benzine or spin IB 
of camphor is sufficient, but as either iu volatile, it IH aaot to bo 
trusted as a permanent preservative, Mr. English, of dipping', 
by an ingenious method of hie ovm, preserves a groat number 
of the fleshy $p0cio# in their natural position, and although 
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valueless for an herbarium, they are not only very ornamental, 
but useful, If space can be devoted to them. 

Leaf parasites, whether on living or dead leaves, may be dried 
in the usual way for drying plants, between folds of bibulous paper 
under pressure. It maybe sometimes necessary with dead leaves 
to throw them in water, in order that they may be flattened with- 
out breaking, and then dry them in the same manner as green 
leaves. All species produced on a hard matrix, as wood, bark, 
etc., should have as much as possible of the matrix pared away, 
so that the specimens may lie flat in the herbarium. This is 
often facilitated in corticolous species by removing the bark and 
drying it under pressure. 

The dusty Gasteromycetes are troublesome, especially the 
minute species, and if mounted openly on paper are soon spoiled. 
A good plan is to provide small square or round cardboard 
boxes, of not more than a quarter of an inch it, depth, and 
to glue the specimen to the bottom at once, allowing it to 
dry in that position before replacing the cover, The same 
method should bo adopted for many of the moulds, such as 
PQlyaotis, etc., which, under any circumstances, are difficult to 
preserve. 

In collecting moulds, we have found it an excellent plan to 
go out provided with small wooden boxes, corked at top and 
bottom, such as entomologists use, and some common pins. 
When a delicate mould is collected on a decayed Agaric, or any 
other matrix, after clearing away with a penknife all unnecessary 
portions of the matrix, the specimen may be pinned down to the 
cork in ono of these boxes* Another method, and one advisable 
also for the Myxogastres, is to carry two or three pill-boxes, in 
which, after being wrapped in tissue paper, the specimen may 
1)0 placed. 

A groat difficulty is often experienced with microscopic fungi, 
such, for instance, as the Sphariacei, in the necessity, whenever 
a new examination is required, to soak the specimen for some 
tours, and then transfer the fruit to a slide, before it can be 
compared with any newly-found specimen that has to be identi- 
fied. To avoid this, mounted specimens ready for the microscope 
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are an acquisition, and may be secured in the following manner, 
After the fungus has been soaked in water, whore that is neces- 
sary, and the hymenium extracted on the point of a penknife, lot 
it be transferred to the centre of a clean glass slide. A drop of 
glycerine is let fall upon this nucleus, then the covering glass 
placed over it. A slight pressure will flatten tho object and expel 
all tho superfluous glycerine around the edges of tho covering 
glass. A spring clip holds the cover in position, whilst a camol- 
hair pencil is used to remove the glycerine which may have been 
expelled. This done, the edges of tho cover may be fixed to the 
slide by painting round with gum-dammar dissolved in benzole. 
In from twelve to twenty-four hours tho spring clip may bo 
removed, and the mount placed in tho cabinet. Glycerine is, 
perhaps, the best medium for mounting tho majority of these 
objects, and when dammar and benzole arc used for fixing, there 
as no difficulty experienced, as is the case with Canada balsam, 
if tho superfluous glycerine is not wholly washed away. Hpoci- 
mens of Pwdnia mounted iu this way when frceh gathered, 
and before any shrivelling had taken place, are as plump and 
natural in our cabinet as they were whoti collected fiix or Boven 
years ago. 

Moulds are always troublesome to preserve in a herbarium in 
a stato sufficiently perfect for reference after a &w y ww. Wo 
have found it an excellent method to provide Homo thin ^latcjH of 
mica, the thinner tho better, of a uniform mw, way two mohra 
square, or even leas. Between two of theme plates of mica 
fcrxeloso a fragment of tho mould, taking caro not to move one 
plate over tho other aft/or the mould is placed* Fix f,lw pluton 
by a clip, whikt strips of paper are gummed or parted ow tho 
e<%0$ of the mica plates ao as to bold thorn togoilw* Wh*;i* 
dry, the clip may bo removed, and the name written on th 
paper. These mounts may bo put each IE a mmll otiveiopo, fttid 
&stenod down m the herbarium. Whenever am examination is 
jr^ttfced, the object, being already dry-ntotsrated, may at wioo "bo 
pkeed trnder the mlcweope* In this nmnor th0 mode of 
ij of tlt spom otm be iwxv W> if motmkni in fluid 
owe detached j m& if tht xftol$ w 
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in boxes, in the course of a short time nearly every spore will 
have fallen from its support. 

Two or three accessories to a good herbarium may be named. 
For fleshy fungi, especially Agarics, faithfully coloured drawings, 
side by side with the dried specimens, will compensate for loss 
or change of colour which most species undergo in the process 
of drying. For minute species, camera lucida drawings of the 
spores, together with their measurements, will add greatly to 
the practical value of a collection. In mounting specimens, 
whether on leaves, bark, or wood, it will be of advantage to have 
one specimen glued down to the paper so as to be seen at once, 
and a duplicate loose in a small envelope beside it, so that the 
latter may at any time be removed and examined under the 
microscope. 

In arranging specimens for the herbarium, a diversity of taste 
and opinion exists as to the best size for the herbarium paper. 
It is generally admitted that a small size is preferable to the 
largo one usually employed for phanerogamous plants. Probably 
the size of foolscap is the most convenient, each sheet being con- 
fined to a single species. In public herbaria, the advantage of 
a uniform size for all plants supersedes aU other advantages, 
but in a private herbarium, consisting entirely of fungi, the 
smaller size is better. 

The microscopic examination, of minute species is an absolute 
necessity to ensure accurate identification. Little special remark 
is called for here, since the methods adopted for other objects 
will bo available. Specimens which have become dry may be 
placed in water previous to examination, a process which will be 
found essential in such genera as Pestixct, SpJitGrw, etc. For 
moulds, which must be examinod as opaque objects, if all their 
beauties and peculiarities are to be made out, a half-inch 
objective is recommended, with the nozzle bevelled as 
to a point as possible, so that no light be obstructed.* 

la examining the sporidia of minute Pezface and some 
the aid of some reagent will be found necessary. When the 

* BuVbtoa of air are often very tiresome in the examination of moulds. A 
IHtJo alcohol will remove them* 



292 FUNGI, 

sporidia are very delicate and hyaline, the sopta cannot readily 
be seen if present ; to aid in the examination, a drop of tincture 
of iodine will be of considerable advantage. In many caaep 
sporidia, which are very indistinct in glycerine, are much more 
distinct when the fluid is water. 

The following hints to travellers, as regards the collection of 
fungi, drawn up some years since by the Rev. M. J. Berkeley, 
have been widely circulated, and may be usefully inserted here, 
though at the risk of repetition : 

" It is frequently complained that in collections of exotic plants, 
no tribe is so much neglected as that of fungi ; this arises pa-rtly 
from the supposed difficulty of preserving good specimens, partly 
from their being loss generally studied than other vegetable pro- 
ductions. As, however, in no department of botany, there IB a 
greater probability of mooting with now forms, and the diffi- 
culties, though confessedly great in one or two genera, an* far 
loss than is often imagined, the following hints aro ronjiceUuIly 
submitted to such collectors as may desire to neglect no part of 
the vegetable kingdom. 

4< The greater proportion, especially of tropical fungi, are dried, 
simply by light pressure, with as much, ease as pho>no#amou 
plants 5 indeed, a single change of the paper iu which thy aro 
placed is generally sufficient, and many, if wrapped up in #ofl 
paper when gathered, and submitted to light procure, rwjwre 
no further attention. Such as are of a tough leathery nuium, 
if the paper be changed a few hours after th spedmertH have 
been laid in, preserve all their characters admirably ; and if iu 
the course of a few weeks there is an opportunity of washing 
them with a solution of turpentine ancl corrosive *mWimt% 
submitting them again to pressure for a few hours mondy to 
preTont their shrinking, there will be no fear of th#ir imfforfug 
from the attacks of insects* 

" Many of the mushroom tribe are so soft and wakry thai if* 
Je rery difficult to make good specimens without a degroo of 
kbotw? which is quite out of the question with fefawUim By 
ehauging, howeyer, the papers in whioh they 0ro dmd two or 
times the first day, if pntoticabk, u#0fal speeime&s may bt 
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prepared, especially if a few notes be made as to colour, etc. 
The moro important notes are as to the colour of the stem 
and pilous, together with any peculiarities of the surface, e.g., 
whether it Tbe dry, viscid, downy, scaly, etc., and whether the 
flesh of the pileus bo thin or otherwise 5 as to the stem, whether 
hollow or solid ; as to the gills, whether they are attached to the 
atom or freo ; and especially what is their colour and that of the 
spores* It is not in general expedient to preserve specimens in 
spirits, except others aro dried by pressure, or copious notes be 
made; except, indeed, in some fungi of a gelatinous nature, 
which can scarcely bo dried at all by pressure. 

"The largo woody fungi, the puff-balls, and a great number 
of those which grow on wood, etc., are best preserved, after 
ascertaining that they arc dry and freo from larvee, by simply 
wrapping thorn in paper or placing them in chip-boxes, taking 
care that they arc so closely packed as not to rub. As in other 
tribes of plants, it is very requisite to liave specimens in different 
stages of growth, and notes as to precise habitats are always 
mtoroHting, 

" The attention of the traveller can scarcely be directed to any 
moro interofiting branch, or ono more likely to produce novelty, 
than tho puff-ball tribe ; and ho is particularly requested to col- 
loct IhcKo in a very ntago of growth, especially m the earliest, 
and, if poHmblo, to proKorve some of tho younger specimens in 
Hpiritti. Ono or two ttpoeltm aro produced on ant-hills, the know- 
hwlgo of tho arly wtato of which is very desirable. 

** Tho fungi which grow* on leaves in tropical climates are 
weurecly UHB abundant than in our own country, though belonging 
to a (IHlbront typo. Many of thoae must constantly come tmder 
tho ejyo of tho collector of phoenog&ms, and would be most 
to th myeologmt. Bat the attention of ifee collector 
&!< bo directed to th Kchea-like ftmgi, which are so 
almndanfc in somo <jounferis on faltea sticks. Hundreds of 
Hpxn<?# of tho txtmot interests would reward active r^searoli, and 
th#y aro amongst tl* ea#ie8t to dry j indeed, in tropical coun- 
trf0% the gtwfcer proportion of the spaciea are easy to preserve, 
but thuoy will nc$ efcriko the ey& which i$ not on the watch for 
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them. The number of fleshy species is but few, and far less 
likely to furnish novelty," 

In conclusion, wo may urge upon all those who havo followed 
us thus far to adopt this branch of botany as their speciality. 
Hitherto it has boon very much neglected, and a wide field is 
open for investigation and research, Tho life-history of the 
majority of species has still to be rear], and the prospects of new 
discoveries for the industrious and persevering student aro great. 
All who have as yet devoted themselves with assiduity havo been 
in this manner rewarded. Tho objects are easily obtainable, and 
there is a constantly increasing infatuation in the study, "WTiaro 
so much is unknown, not a few difficulties havo to be onooun* 
tered, and here he race is not to the swift so much as to the 
untiling. May our efforts to supply this introduction to the 
study receive their most welcome reward in an accession to the 
number of the students aaad investigators of the n&tttra, 
and influences of ftmgl 
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